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ABSTRACT OF THE DISSERTATION

THE PUBLIC HEALTH IMPACT OF MATERNAL SMOKING CESSATION
DURING PREGNANCY - THE SAN BERNARDINO COUNTY EXPERIENCE
by
Michael Batech
Doctor of Public Health Candidate in Epidemiology
Loma Linda University, June 2013
Dr. Pramil N. Singh, Chair

Most studies of maternal tobacco cessation during pregnancy have estimated
measures of effect that can be useful in identifying the exposure as an etiologic risk factor
in maternal and child health. However, in the case of maternal tobacco use there is
overwhelming evidence for a causal role in adverse infant outcomes, and public health
needs to focus on measures of potential impact in order to better prioritize and allocate
resources toward interventions. The aims of this dissertation were: 1) to investigate the
public health impact of smoking cessation during pregnancy among mothers giving birth
in San Bernardino County, California; and 2) to examine the relationship between indices
of prenatal care utilization and smoking cessation during pregnancy.
The first study showed that, among 65.228 total live births in 2007 and 2008, a
single low birth weight or preterm outcome in the county could have been prevented
either by at least 35 mothers quitting smoking during pregnancy or by 25 mothers being
never smokers during pre-pregnancy.

in

The second study among 4,059 women reporting tobacco use in San Bernardino
County found a dose-response relationship for prenatal care initiation in which women
were more likely to quit smoking for every two months earlier they initiated their prenatal
care visits. Examining the adequacy of received prenatal care services indicated a three
fold increase in odds of smoking cessation for women receiving more than half the
number of prenatal care visits recommended by the American College of Obstetricians
and Gynecologists.
Based on the findings from these studies of San Bernardino County we can
conclude that there is a burden of adverse infant outcomes due to maternal smoking that
can be reduced by relatively small numbers of women quitting smoking during
pregnancy. We gained the additional insight from analysis of maternal smokers that
indicated that those with adequate prenatal care utilization were most likely to quit
smoking during their pregnancy.
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CHAPTER 1
INTRODUCTION
A. Statement of the Problem
Former Director of the Centers for Disease Control and Prevention, Jeffrey P.
Koplan stated in the 2001 Report of the Surgeon General that "women and girls in the
United States (U.S.) are in the throes of an epidemic of tobacco-related diseases" (U.S.
Department of Health and Human Services [HHS], 2001). This report dedicated to
women and smoking served as a call-to-arms to all public health practitioners to rise up
to the new challenges for tobacco control from "unique smoking-related disease risks
related to pregnancy, oral contraceptive use, menstrual function, and cervical cancer"
(HHS, 2001; HHS, 2004). Furthermore, unique risks related to pregnancy stand out
primarily because the burden of exposure falls not only on the woman who smokes, but
also the infant she carries. Unfortunately, despite the well-known health risks associated
with smoking during pregnancy, many women continue to smoke after learning they are
pregnant (HHS, 2001; Melvin, Dolan-Mullen, Windsor, Whiteside, & Goldenberg, 2000).
Among women in the U.S., maternal cigarette smoking is one of the most
important modifiable risk factors for adverse infant outcomes (e.g., low birth weight
(LBW), preterm-birth (preterm), and sudden infant death syndrome) (HHS, 2001;
Cnattingius, 2004; Culyer & Newhouse, 2000). Although smoking rates among women
have been decreasing in the U.S., an estimated 22% of women of reproductive age
continued to smoke in 2006 (Centers for Disease, Control and Prevention [CDC], 2008),
and it is estimated that among current female smokers only 18% to 25% quit smoking
after recognition of their pregnancy (HHS, 2004). Since the inclusion of maternal
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smoking history on U.S. birth certificates beginning in 2003, data from 24 states indicate
that 9.7% of birth mothers overall (15.5% non-Hispanic white, 8.7% non-Hispanic black,
and 2.1% Hispanic) smoked during pregnancy (Osterman, Martin, Mathews, & Hamilton,
2011). In the U.S., during 2000-2008, the prevalence of LBW infants increased from 7.6
to 8.2 percent, while the prevalence of preterm births also increased from 11.6 to 12.3
percent (Martin et al., 2010).
In the context of public health as an academic discipline, epidemiology has
produced a plethora of research on the etiologic nature of tobacco exposure and disease
outcomes, including those of maternal tobacco smoking during pregnancy and adverse
infant outcomes such as low birth weight, preterm birth, neonatal mortality, and sudden
infant death syndrome. However, much of this research has focused largely on effect
estimates (e.g., odds ratios, risk ratios, standardized mortality ratios, and other ratios) for
smoking during pregnancy, without more pragmatic applications of such measures to
"boot leather" public health programs that seek to assist women to quit smoking.
Helping women quit smoking is a multifactorial and multidisciplinary challenge
to primary and secondary prevention efforts. Primary prevention exists in two forms:
assisted and unassisted methods of smoking cessation. The latter is largely a spontaneous
occurrence among women, so the overt focus of public health is on assisted methods of
cessation that include: 1) state- and county-level smoking cessation programs, 2) obstetric
health care provider intervention, and 3) dissemination of information and raising
awareness through brochures, pamphlets, and pregnancy-specific self-help materials.
Obstetric health care provider interventions are typically the most effective and efforts to
improve and standardize such interventions have been made by the American College of
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Obstetricians and Gynecologists (Melvin et al., 2000). A majority of state-level programs
are telephone-based resource centers called "Quitlines," which typically collaborate with
county-level programs through referrals.
Although U.S. national and state-level statistics on tobacco use are used to
measure the progress of tobacco control efforts (Hopkins et al., 2001), recent
demographic analyses show strong geographic trends in tobacco and other lifestyle and
health indicators at the county level (Murray et al., 2006). Moreover, economic trends
related to housing and employment have created economic challenges at the county level
that result in cutbacks and even cancellations of tobacco control programs (Farrelly,
Pechacek, Thomas, & Nelson, 2008).
The aim of this study is two-fold: 1) to evaluate the impact of smoking cessation
during pregnancy on the burden of adverse infant outcomes (LBW and preterm); and 2)
to examine the association of inadequate prenatal care and maternal smoking cessation
during pregnancy, in San Bernardino County (SBC), California, the largest county in the
contiguous U.S. and home to over 2 million residents. Rankings based on an analysis by
the Robert Wood Johnson Foundation of 3.000 counties within the U.S. place SBC at
45th (of 56) in California based on health outcomes, and 50th on health factors {County
Health Rankings 2012. 2012). As of 2009, SBC experienced one of the highest rates of
infant mortality (7.5 deaths per 1,000 live births), low-birth weight (7.1 percent) and pre
term births (11.5 percent) in the state (CDPH, 2012; Vital Statistics Query System, 2013).
When considering county-level resources to address the burden of adverse infant
outcomes, it is noteworthy that SBC faces severe economic challenges from home
foreclosures (Knox, 2008), municipal bankruptcy (Willon. 2012), and a high prevalence

of unemployment and working poor {County Health Rankings 2012, 2012; Shimura,
2012).
San Bernardino County has several programs to help individuals quit their
smoking addiction, but only one aimed towards women who are pregnant. The
Comprehensive Tobacco Treatment Program (CTTP) currently provides smoking
cessation services to pregnant women in any of seven locations throughout SBC
(Fontana, Loma Linda, Rialto, San Bernardino, Victorville, Yucca Valley, Twentynine
Palms) using the American College of Obstetricians and Gynecology (ACOG) 5 A's
program (Ask, Advise, Assess, Assist, and Arrange) - a best practice model that
addresses tobacco cessation among women of childbearing age. The CTTP provides
women with screening, initial and periodic assessment, education, care coordination, and
follow-up. Participants of the CTTP are referred through partner agencies, health care
providers, and self-referral. The majority of smoking cessation interventions in SBC
appears to be through prenatal care provider-based counseling and follow-up.
In this context, our analysis specifically sought to measure how non-smoking
mothers or mothers who quit smoking prior to or during pregnancy could directly reduce
the burden of adverse infant outcomes that utilize critical postnatal and NICU resources.
Furthermore, we sought to provide a scientific, objective, and valid measure of public
impact that prenatal care services and current county level programs such as the CTT
program, which are actively working to increase the number of women who quit smoking
during pregnancy, have on adverse infant outcomes.
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B. Purpose of the Study
Despite the well understood risk association of maternal tobacco use during
pregnancy on adverse infant outcomes, there is a need to quantify the impact of maternal
tobacco cessation during pregnancy to help improve the design and implementation of
primary prevention strategies in San Bernardino County.
It is important to note that this study intentionally differentiates between two
closely related, but different concepts in epidemiology: measures of association and
measures of impact. Risk factor estimates such as odds ratios, risk ratios, or standardized
mortality ratios are measures of association that describe the estimated magnitude of a
relationship without making any statement about whether the observed relationship in the
data reflects a true relationship in the population. By contrast, numbers needed to treat.
exposure impact numbers, and numbers needed to be exposed are measures of public
health impact which describe the effect of intervening in a population to directly change
the incidence of an outcome. Although these two concepts are closely related, measures
of association are generally useful in understanding the causal contributions of risk
factors, and measures of public health impact serve to better understand the nature of
interventions on health outcomes.
It is of vital importance to clarify that the existing literature is well established
and thorough in describing measures of association between maternal tobacco use during
pregnancy and adverse infant outcomes but measures of public health impact are, to our
knowledge, nonexistent. Therefore, the main purpose of this study is to quantify the
public health impact of smoking cessation during pregnancy in San Bernardino County.
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This research study utilizes state birth certificate data originally obtained for
demographic analyses of San Bernardino County to be included in the larger context of
the National Children's Study. The National Children's Study is a longitudinal birth
cohort observational study with the overall goal to improve the health and well-being of
children and to identify antecedents of healthy adulthood by examining the effects of a
broad range of environmental influences and biological factors (Eunice Kennedy Shriver
National Institute of Child Health and Development [NICHD], 2013). According to its
website, the National Children’s Study will produce an unprecedented amount of
pertinent information and provide a foundation to analyze factors that contribute to
growth, development, health, and disease to guide science and policy.
Despite such ambitious goals, the National Children's Study has taken more than a
decade to implement, and perhaps because of its enormity (more than $3,000,000,000
was federally allocated for the study), has been plagued with political contention since its
inception. Unfortunately, at the time of this writing, the National Children's Study has
still not begun.
The findings from this study are immediately usable for the design and
implementation of public health programs and for public health policy recommendations
in San Bernardino County and therefore warrant dissemination sooner than would be
possible if we waited for the National Children's Study to begin.
C. Research Questions
The overarching aim of this study is to assess the public health impact of smoking
cessation during pregnancy in San Bernardino County, California. The following research

6

questions (RQs) provide immediate, usable data for smoking cessation programs in the
county and the region and are essential to the overall aim of this study:
RQ 1: What is the association between never-smoking and adverse infant outcomes
among mothers in San Bernardino County?
RQ 2: What is the association between smoking cessation at pregnancy recognition and
adverse infant outcomes among mothers in San Bernardino County?
RQS: What is the public health impact (i.e., number of adverse infant outcomes
avoided) of smoking cessation at pregnancy recognition among mothers in San
Bernardino County?
RQ 4: What is the relationship between the timing of prenatal care initiation and
maternal smoking cessation?
RQ 5: What is the relationship between the adequacy of received prenatal care services
and maternal smoking cessation?
RQ 6: What is the relationship between the overall adequacy of prenatal care utilization
and maternal smoking cessation?
D. Significance to Epidemiology
This study aims to advance the understanding of public health impact metrics and
their application in population-level primary prevention efforts, because understanding
the impact of different prevention strategies is important for the effective design and
implementation of exposure-control (e.g., tobacco control) programs. Utilizing impact
analyses, may better equip public health practitioners and policy-makers to develop and
propose prevention programs, thereby reducing the burden of exposures on population
health outcomes.
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This study affirms the established exposure-disease association of maternal
tobacco use during pregnancy on adverse infant outcomes in a population that is largely
underserved, ethnically diverse, and plagued with socioeconomic challenges that
significantly undermine public health efforts to reduce the devastating consequences of
nicotine addiction. It further assesses demographic variables associated with maternal
tobacco use, smoking cessation during pregnancy, and, to our knowledge, is one of the
few studies to quantify the public health impact of smoking cessation on adverse infant
outcomes from a population perspective. Furthermore, it studies aspects of prenatal care
utilization essential to smoking cessation during pregnancy that influences the number of
women who quit.
The implications of this research are far-reaching and benefit public health
education and outreach efforts, policy-making decisions, and most importantly, the lives
of newborn children in San Bernardino County.
Finally, this study is responsive to the U.S. Surgeon General's (HHS, 2001)
appeal to highlight and recognize the unique risks and challenges faced by women who
smoke while pregnant. This research contributes to advancing the field of epidemiology
by: a) advancing the understanding of maternal tobacco use during pregnancy as it affects
adverse infant outcomes in an underserved, ethnically-diverse population; b) examining
the relationship between prenatal care utilization and maternal smoking cessation during
pregnancy; and, most importantly, c) quantifying the public health impact of smoking
cessation during pregnancy, thereby providing immediate, usable data for smoking
cessation programs in the county and the region. While this study's focus is on public
health impact measures and maternal tobacco use as it relates to adverse infant outcomes,
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it is imperative that we continue to expand upon and improve public health impact
analyses to better understand the current environment of and potential future for effective
primary prevention strategies.

9

CHAPTER 2
REVIEW OF THE LITERATURE
A. Overview
The tobacco epidemic has been an unrelenting issue in public health for decades
and continues to maintain a strong and ever-expanding impact on human health around
the world, accounting for more than five million deaths each year worldwide (World
Health Organization [WHO], 2009). In the U.S., an estimated 20.6% of all adults aged 18
years and older smoke cigarettes (CDC, 2010), and approximately 443,000 premature
deaths are attributed to cigarette smoking each year (CDC, 2010).
B. Tobacco Use
1. Tobacco Use Among Pregnant Women (Maternal Tobacco Use)
Among women in the U.S., maternal cigarette smoking is one of the most
important modifiable risk factors for adverse infant outcomes (e.g., low birth weight.
preterm-birth, and sudden infant death syndrome) (HHS, 2001; Cnattingius, 2004; Culyer
& Newhouse, 2000). Although smoking rates among women in the U.S. have been
decreasing, in 2006 an estimated 22% of women of reproductive age continued to smoke
(CDC, 2008), and it is estimated that among current female smokers only 18% to 25%
quit smoking after recognition of their pregnancy (HHS, 2004). Since the inclusion of
maternal smoking history on U.S. birth certificates beginning in 2003, data from 24 states
indicate that 9.7% of birth mothers overall (15.5% non-Hispanic white, 8.7% nonHispanic black, and 2.1% Hispanic) smoked during pregnancy (Osterman et ah, 2011). In
the U.S., from 2000-2008. the prevalence of LBW infants increased from 7.6 to 8.2
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percent, while the prevalence of preterm births also increased from 11.6 to 12.3 percent
(Martin et ah, 2010).
Maternal smoking during pregnancy impairs fetal growth and can affect gestation,
leading to premature births. Despite the known risks of smoking throughout pregnancy.
women around the world continue to do so. A study conducted in Canada reported 70%
of women who smoked prior to pregnancy continued the habit through the time of
delivery (Salihu & Wilson, 2007). Pregnancy-related smoking decreases with maternal
age, with adolescents (age 18 or younger) most likely to smoke during pregnancy: 46.2%
of adolescents versus 20% of women 19 and older. Likelihood of smoking during
pregnancy also differs by ethnicity, with non-Hispanic white and non-Hispanic black
mothers more likely to smoke than either Asian/Pacific Islander or Hispanic mothers.
Socioeconomic status also plays an important role in determining prenatal smoking
habits, with lower socioeconomic populations more likely to continue smoking during
pregnancy (Cnattingius, 2004; Murray et ah, 2006; Nanyonjo, Montgomery, Modeste, &
Fujimoto, 2008; Salihu & Wilson. 2007; Tong et ah, 2009). Higher education also
reduces the likelihood of smoking during pregnancy (Cnattingius, 2004; Salihu &
Wilson, 2007). Other factors that increase the likelihood of smoking during pregnancy
include unmarried marital status, early age at smoking initiation, and multiple
pregnancies (CDC, 2008; Cnattingius, 2004; Jaddoe et ah, 2008; Salihu & Wilson, 2007).
Smoking during pregnancy has several health consequences for both mother and
child. Maternal cigarette smoking during pregnancy increases the risk not only of
pregnancy complications (e.g., placental previa, placental abruption, and premature
rupture of the membrane) but also adverse pregnancy outcomes (e.g., preterm delivery,
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restricted fetal growth, and sudden infant death syndrome [SIDS]) (HHS, 2004; HHS,
2002). Exposure to environmental tobacco smoke (ETS) after delivery also poses adverse
health consequences to an infant, including increased risk for respiratory tract infections
(e.g., bronchitis and pneumonia), ear infections, and dying from SIDS (HHS, 2004;
DiFranza, Aligne, & Weitzman, 2004; Jedrychowski & Flak, 1997; HHS, 2006; HHS,
2002).

2. Environmental Tobacco Smoke
Environmental tobacco smoke (ETS) contains a lower dose of the toxins
that are directly inhaled by smokers. Therefore, maternal ETS exposure might similarly
impact birth outcomes. Ward et al (2007) conducted a retrospective study using interview
data from parents of children born in 2000 and 2001 and their exposure to ETS only,
maternal smoking, or none (Ward, Lewis, & Coleman, 2007). They found that, compared
to zero antenatal tobacco smoke exposure, ETS lowered the infant's adjusted mean birth
weight by 36 grams. Furthermore, maternal ETS exposure during pregnancy was also
shown to increase the adjusted risk of low birth weight and premature birth; however, the
impacts of direct maternal smoking were greater and far more statistically significant
(Ward et al., 2007).
Although it is estimated that one-third to one-half of non-smoking women are
involuntarily exposed to tobacco smoke during pregnancy (Salihu & Wilson, 2007), a
meta-analysis of studies investigating the impact of maternal ETS exposure on birth
weight did not find a statistically significant association between the two. While this
ought not to be interpreted as evidence against the association between maternal ETS
exposure during pregnancy and adverse infant outcomes, it is evidence that the causal
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contribution of maternal ETS exposure during pregnancy is complex and warrants further
study.
3. Conceptual Framework
According to Victora and colleagues, "conceptual frameworks provide
guidance for the use of multivariate techniques and aid the interpretation of their results
in the light of social and biological knowledge" (Victora, Huttly, Fuchs, & Olinto, 1997).
The emergence of a hierarchical approach to analyzing causal effects is not new. Directed
acyclical graphs (DAGs) have routinely been used for analyzing epidemiologic data in
the past and emerging methods in hierarchical structural modeling are becoming more
widespread. However, DAGs have fallen under close scrutiny in recent years and there
remains, at the time of this writing, disagreement over their use in epidemiologic
research. Certainly, more evidence is emerging regarding the proper use of DAGs but
until such time as their use is more widely agreed upon in the epidemiologic community.
we employ conceptual frameworks to, at least conceptually, aid our analyses. Therefore,
based on the literature review, a conceptual framework of the factors associated with
maternal tobacco use during pregnancy and adverse infant outcomes was constructed and
is provided in Figure 2.1.
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Figure 2.1 Conceptual framework of maternal tobacco use during pregnancy on adverse infant outcomes based on literature review of
associations identified in previous research

Maternal / Familial Factors
•
•
•
•
•
•

Age
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C. Adverse Infant Outcomes
7. Low Birth Weight
Low birth weight is a leading cause of infant death, resulting in more than
300,000 deaths annually in the U.S. (HHS, 2004; Ventura, Mosher, Curtin, Abma, &
Henshaw, 2000) and the evidence is strong to support a causal relationship between
prenatal smoking and reduction in fetal growth. Low birth weight is an adverse infant
outcome in which the infant is born weighing less than 2500 grams; very low birth
weight is defined as less than 1500 grams. Significant decreases in birth weight as high as
10-12 grams per cigarette/day (Jaddoe et ah, 2008) and intrauterine growth retardation
have clear mechanisms linking them to maternal smoking (described in the
pathophysiology section to follow). Prenatal smoking has also been associated with a
reduction in head circumference, abdominal circumference, and femur length
(Magnusson, Olesen, Wennborg, & Olsen, 2005; Miller, Villa, Hogue, &
Sivapathasundaram, 2001; Salihu & Wilson, 2007).
Smoking tobacco during pregnancy has been shown to consistently cause a 175200 gram difference in birth weight between cigarette smokers' and nonsmokers’ infants
(Delpisheh, Brabin, & Brabin, 2006; Haug et ah, 2000; Steyn, de Wet, Saloojee, Nel, &
Yach, 2006). Numerous studies have indicated approximately 6-7% of low birth weight
births attributable to smoking (Cnattingius, 2004; Delpisheh et ah, 2006; Jaddoe et ah,
2008; Magee, Hattis, & Kivel, 2004).
2. Preterm Birth
The association between maternal tobacco use during pregnancy and
preterm birth is also well established. Preterm birth is defined as an adverse infant
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outcome in which the infant gestates less than 37 weeks; very preterm birth is defined as
gestation of less than 33 weeks. In a study by Aliyu et al. (2010), average birth weight
was higher in infants born to nonsmoking mothers than to those born to smoking
mothers, and smokers were found to have an even greater likelihood of having a preterm
birth. Since they are often observed together, low birth weight and preterm birth tend to
be analyzed together in studies that assess the impacts of maternal tobacco use during
pregnancy on adverse infant outcomes; often, factors that influence one outcome also
influence the other. Maternal age, for example, is a pervasively confounding effect in the
causal diagram of maternal tobacco use and adverse infant outcomes, and is often
controlled for in multivariable regression models (Ward et al., 2007). The
pathophysiology of preterm birth is thought to be similar to that of low birth weight and
is described in greater detail in the next section of this literature review.
3. Infant Mortality
Damage to the developing organs of the fetus is developmentally
detrimental and can result in an increased risk of morbidity and mortality throughout the
lifetime. Infant mortality is by far the most devastating outcome associated with maternal
smoking, and, unfortunately, is a serious reality. On average, studies have indicated a
mortality risk of 40% higher for babies of smoking mothers compared to non-smoking
mothers (Cnattingius, 2004; Salihu & Wilson, 2007).
D. Pathophysiology / Fetal-Tobacco Syndrome
Although the pathophysiology of maternal tobacco use on adverse infant
outcomes is not fully understood, many theories have been proposed and developed to
explain the mechanisms by which nicotine exposure in the developing fetus leads to
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growth restriction. The most widely accepted hypothesis on the role of smoking on fetal
development is that carbon monoxide and nicotine induce fetal hypoxia (Tominey &
London School of Economics and Political Science. Centre for Economic Performance.,
2007). The current understanding of these mechanisms describes the process by which
carbon monoxide and nicotine exposure reduces the rate of blood flow between the uterus
and placenta. Specifically, carbon monoxide is known to decrease the oxygen carrying
capacity of hemoglobin (Cobum, Forster, & Kane, 1965; Florek, Marszalek, Biczysko, &
Szymanowski, 1999; Gressens, Laudenbach, & Marret, 2003; Longo, 1977) and since
fetal hemoglobin has a higher affinity for carbon monoxide than adult hemoglobin
(Longo, 1977) the impact on the fetus is more severe than on the mother. Nicotine is also
a vasoconstrictor and appears to act by reducing placental perfusion leading to fetal
hypoxia (HHS, 2004).
With respect to the developmental biology of a fetus, fetal growth is not a
constant process during pregnancy and different time periods during pregnancy present
different rates of fetal growth. Therefore, maternal tobacco use, which is theorized to
restrict fetal growth, presents different pathophysiologic impacts during different times in
a pregnancy. For example, while it is generally regarded that the first trimester is the
most important for a developing embryo, birth weight is most impacted in the final
trimester, when the fetus is making the greatest gains in size and weight (Fantuzzi et ah.
2008; Heffner, Sherman, Speizer. & Weiss, 1993; Tominey, 2007). When considering the
risk of adverse infant outcomes caused by maternal tobacco use. it is therefore important
to consider the stage of pregnancy.
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E. San Bernardino County, California
1. Descriptive Characteristics of San Bernardino County - A Snapshot
The County of San Bernardino is the largest county in the contiguous U.S.
and is home to over 2 million residents. It is located in the southern-central portion of the
state of California; east of Los Angeles and Orange counties, and north of Riverside
County. According to the 2010 U.S. Census, the population was 2,035,210, with the
following race/ethnic makeup: 56.7% White, 8.9% African American, 1.1% Native
American, 6.3% Asian, 0.3% Pacific Islander, 21.6% other races, 49.2% Hispanic or
Latino of any race and 5.0% two or more races.
Rankings based on an analysis by the Robert Wood Johnson Foundation of 3,000
counties within the U.S. place it at 45th (of 56) in California based on health outcomes.
and 50th on health factors {County Health Rankings 2012, 2012). As of 2009, SBC
experienced one of the highest rates of negative infant health outcomes in the state:
mortality (7.5 deaths per 1,000 live births), low-birth weight (7.1 percent) and pre-term
births (11.5 percent) (CDPH. 2009; Vital Statistics Query System. 2013).
When considering county-level resources to address the burden of adverse infant
outcomes, it is noteworthy that SBC faces severe economic challenges from home
foreclosures (Knox, 2008), municipal bankruptcy (Willon, 2012), and a high prevalence
of unemployment and working poor {County Health Rankings 2012, 2012; Shimura,
2012).
F. Tobacco Cessation Programs and Efforts
Tobacco smoking in pregnancy is one the most important preventable factors
associated with devastating pregnancy complications. A meta-analysis by Lumly and
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colleagues, published in Cochrane Review, investigated 72 randomized controlled trials
in which smoking cessation during pregnancy was the primary aim of the intervention
(Lumley et ah, 2009). The types of programs used to promote smoking cessation included
cognitive behavior therapy, motivational interviewing, incentives, interventions based on
the stages of change, nicotine replacement therapy, and medication therapy. These
smoking cessation interventions had positive outcomes overall with reductions in the risk
for low birth weight (RR 0.83, 95% Cl 0.73 to 0.95) and preterm birth (RR 0.86, 95% Cl
0.74 to 0.98) and a 53.91 gram (g) (95% Cl 10.44 to 95.38 g) increase in mean birth
weight (Lumley et al., 2009). The most effective intervention appeared to be providing
varying incentives, which helped approximately 24% of women quit smoking during
pregnancy (Lumley et al., 2009).
Another review by Coleman et al. (2012) was done to determine the efficacy and
safety of smoking cessation pharmacotherapies, including nicotine replacement therapy
(NRT), and varenicline and buproprion when used to support cessation in pregnancy
(Coleman. Chamberlain, Davey, Cooper, & Leonardi-Bee, 2012). Six trials of NRT
enrolling 1,745 pregnant smokers were included but no trials of varenicline or buproprion
were included. No statistically significant difference was seen for smoking cessation in
later pregnancy after using NRT as compared to control (RR 1.33, 95% Cl 0.93 to 1.91;
six studies, 1,745 women). Since nicotine replacement therapy is the only
pharmacotherapy for smoking cessation that has been tested in randomized control trials
during pregnancy, there is, at the time of this writing, insufficient data to determine if
NRT is effective or safe (Coleman et al., 2012).
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1. Smoking Cessation Efforts in San Bernardino County
According to the California Smoker's Helpline (1-800-NO-BUTTS), a
statewide smoking quitline, San Bernardino County currently has 19 resources for
smoking cessation information and support (CDPH, 2013). Of these, four are
information-only resources, referring individuals to the California Smoker's Helpline, or
providing brochures or informational packets.
Only one program, the Comprehensive Tobacco Treatment Program (CTTP),
offers smoking cessation services designed specifically for pregnant women.
Furthermore, 4 of the 19 resources specify a cost for service (ranging from $40 to a
sliding-scale fee), one is provided only to veterans, and three are insurance-provided
programs that are free only to insurance members.
A majority of the actual smoking cessation programs offer class-based support
groups to help individuals quit smoking. Only two programs (CTTP and the Kaiser
Permanente cessation program for Kaiser Permanent members) confirm adherence
through cotinine testing or carbon monoxide breath testing. In addition, these programs
include additional follow-up through coaching hotlines, health educators, or other
telephone-based services. The CTTP also uses technologic tools such as smart-phone
software applications (i.e., "apps"), and mobile text-messaging follow-up notifications
(Merritt. Philips, Armstrong, Mazela, & Gadzinowski, 2010). Many programs provide a
stress ball, a certificate of completion for attending all the classes, or a T-shirt. The 2001
Surgeon General's Report on Women and Smoking stated that 20-25% of women of
lower socioeconomic status who enrolled in intensive smoking cessation programs were
successful in smoking cessation (CDPH. 2001), but only a small proportion take
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advantage of such programs. In SBC, there appears to be a lack of programs available,
further compounding the dilemma.
G. Measures of Public Health Impact
As previously stated, it is important to note that this study intentionally
differentiates between two closely related, but different concepts in epidemiology:
measures of association and measures of impact. Risk factor estimates such as odds
ratios, risk ratios, or standardized mortality ratios are measures of association that
describe the estimated magnitude of a relationship without making any statement about
whether the observed relationship in the data reflects a true relationship in the population.
By contrast, numbers needed to treat, exposure impact numbers, and numbers needed to
be exposed are measures of public health impact which describe the effect of intervening
in a population to directly change the incidence of an outcome. Although these two
concepts are closely related, measures of association are generally useful in
understanding the causal contributions of risk factors and measures of public health
impact serve to better understand the nature of interventions on health outcomes.
1. The Number Needed to Treat
Measures of public health impact are not new to epidemiology. They have
previously existed in forms such as etiologic fraction or attributable proportion, years of
potential life lost before a certain age (typically 65 or 75), and efficacy rates of vaccines
(CDC, 2012). In clinical trials and experimental study designs of non-human subjects, the
number-needed-to-treat is a fairly commonly used impact measure. However, this
measure is not practical for use in non-clinical trial research with human subjects because
one cannot ethically control the selection of an exposure upon a person. In clinical trials,
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the NNT controls for confounding effects solely through the random allocation of
subjects to treatment or placebo; it does not require the actual measuring or controlling
for confounding because the two groups are assumed to be homogenous with respect to
the confounder distributions via their random selection. We therefore consider the NNT
an unadjusted impact number because it does not control for confounding in any way
other than through random allocation of subjects to a treatment or a placebo group during
the subject recruitment phase of a trial.
2. Adjusted Measures of Public Health Impact
Measures of public health impact that require adequately assessing and
controlling for confounding are considered adjusted measures of public health impact.
The work of Ralf Bender and colleagues has substantially improved the methodology of
estimating impact metrics and their confidence intervals (Bender. Kuss, Hildebrandt, &
Gehrmann, 2007). The techniques for estimating adjusted impact measures are outlined
in greater detail in the Methods chapter, but roughly, they require modeling the diseaseoutcome scenario of interest using data taken from the study population, and applying the
confounder distribution of either the exposed (exposure impact number) or unexposed
(number needed to be exposed) population to the other. In doing so, there are two
interpretations that result. If the confounding distribution of the unexposed persons is
applied to the exposed group, then the interpretation is that of removing the effect of the
exposure or simply, "how many exposed subjects would need to stop their exposure in
order to prevent one excess outcome." If the confounding distribution of the exposed
group is applied to the unexposed group, then the interpretation is that of exposing an
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unexposed person or simply, "how many subjects would need to be exposed to create one
more outcome."
In terms of maternal tobacco use and adverse infant outcomes, we considered the
exposure impact number because we were interested in how many women would need to
quit smoking during pregnancy to result in one fewer low birth weight or preterm birth
outcome in the population.
H. Prenatal Care Utilization Indices
1. The Adequacy of Prenatal Care Utilization Index
Prenatal care utilization is often measured by one of several indices that
incorporate information readily available in birth certificates regarding the timing of
prenatal care initiation, the number of prenatal care visits and the gestational age at
delivery. One index, the Adequacy of Prenatal Care Utilization (APNCU) Index, also
known as Kotelchuck's Index, has been well studied and widely considered a standard
(Kotelchuck, 1994; VanderWeele, Lantos, Siddique, & Lauderdale, 2009). It combines
two separate indices for adequacy: 1) an index for the adequacy of initiation of prenatal
care (AIPC) using information on the month prenatal care began; and 2) an index of the
adequacy of received services (ARS) once prenatal care has begun, based upon the ratio
of actual to expected number of prenatal care visits based on American Congress of
Obstetricians and Gynecologists (ACOG) prenatal care visitation recommendations
(Kotelchuck. 1994). The summary APNCU index combines these measures into one
overall measure of the adequacy of prenatal care utilization (Kotelchuck, 1994).
The AIPC index places mothers into one of four categories based on the month
prenatal care began. These categories are: 1) "Adequate Plus" if prenatal care began in
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the first or second month of pregnancy; 2) "Adequate" in the third or fourth month of
pregnancy; 3) "Intermediate" in the fifth or sixth month of pregnancy; or 4) "Inadequate"
if prenatal care began in the seventh to ninth month of pregnancy. The ARS index is
based upon the ratio of actual to expected number of prenatal care visits, based on ACOG
recommendations with: 1) "Inadequate" (less than 50% of expected visits); 2)
"Intermediate" (50-79% of expected visits); 3) "Adequate" (80-109% of expected visits);
and 4) "Adequate Plus" with 110% or more of the expected number of visits. It should be
noted that the expected number of visits recommended by the ACOG is based on the
gestational age at delivery. The final APNCU index summarizes the scores of these two
indices with similar classifications as "Inadequate," "Intermediate," "Adequate," and
"Adequate Plus."
2. Modifications of Kotelchuck fs Index
Koroukian and Rimm (Koroukian & Rimm, 2002) have raised an
important criticism of the APNCU index based on the ARS index. They show that a
shorter gestational age implies that only one visit above the expected number will result
in a classification of adequate plus prenatal care, seriously biasing shorter gestational
ages and preterm birth outcomes towards the adequate plus category, both of which are
more likely in a population of smoking mothers (Flood & Malone, 2012; Kramer, 1987;
Shah & Bracken, 2000). It is possible that this limitation could bias contrasts between
adequate and adequate-plus ARS and APNCU indices since they affect smoking
cessation during pregnancy.
A number of modifications to the APNCU have minimized this limitation (da
Costa et ah, 2013; Leal Mdo, Gama. Ratto, & Cunha, 2004; VanderWeele et al., 2009). In
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a study of three different prenatal care indices by Vanderweele et ah, two variants of the
APNCU index were proposed to account for the criticisms raised by Koroukian and
Rimm (VanderWeele et ah, 2009). The first variant, what Vanderweele and colleagues
define as the APNCU-1 M index, modifies the criteria for the adequate plus category of
the ARS index to require that the difference between the actual and expected number of
visits is two or more (VanderWeele et ah, 2009). The second, APNCU-2 M index, also
uses this modification and adds two more criteria: 1) it classifies prenatal care as
adequate on the ARS index provided it does not fall in the adequate plus category, and
that either the actual to expected number of visits ratio is between 0.8 and 1.1, or that the
actual number of visits is nine or greater; and 2) it collapses the inadequate and
intermediate categories into a single ‘‘Not Adequate” category (VanderWeele et ah,
2009).

I. Conclusions
This chapter reviewed the current body of evidence on which this study is based.
This in-depth review of the established relationship between maternal tobacco use during
pregnancy and adverse infant outcomes, the current socioeconomic climate of an
ethnically diverse and at-risk population whose primary prevention efforts are minimal.
and the tools used to help incentivize, direct, and guide future primary prevention efforts
provide an infrastructure upon which to better understand the public health impact of
maternal tobacco cessation on adverse infant outcomes. Estimating that impact may
thereby help to improve the design and implementation of primary prevention strategies
for this infinitely valuable, albeit economically challenged, region of California.
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CHAPTER 3
METHODS
A. Overview
The National Children's Study (NCS), which inspired these studies, was originally
proposed as a nationwide prospective cohort mega-study initiated by the Eunice Kennedy
Shriver National Institute of Child Health and Human Development (NICHD) and the
National Institutes of Health (NIH) to better understand genetic and environmental risk
factors. This project, which began as preliminary research for the NCS, is a retrospective
study of birth certificates for all live births registered in California from 2004-2008, and
which contain information for maternal and paternal demographic characteristics in San
Bernardino, California.
B. Study Population
The population for this study includes all women who had a singleton birth in San
Bernardino County during 2007-2008. There were 33,193 total live births in San
Bernardino County in 2007 and 32,035 in 2008. Of those bom in 2007, 1,430 children
were bom to mothers who smoked during pregnancy, al,843 were low birth weight, and
3,480 were pre-term deliveries. In 2008, 1,355 children were bom to mothers who
smoked during pregnancy, 1,798 were low birth weight, and 3,238 were preterm births.
The selection criteria used for this study included the following: a) mother's place
of residence was in San Bernardino County at the time of delivery; b) the mother gave
birth to a singleton baby (e.g.. not twins, triplets, etc.): and c) the length of gestation was
greater than or equal to twenty weeks.
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C. Data Management
For this study, we used the California Birth Cohort Files for the years spanning
2004-2008 to answer each of the research questions. The following section describes the
dataset and its use in greater detail.
1. California Birth Cohort Files 2004-2008
As a part of demographic analyses for the National Children's Study, deindentified Birth Cohort Files were obtained from California's Department of Public
Health (CDPH) for the years 2004-2008 by Loma Linda University and the University of
California, Irvine. After the implementation of the National Center for Health Statistics
(NCHS) 2003 revision of the U.S. Standard Certificate of Live Birth in 2007, information
on tobacco use during pregnancy became available to California (California Health and
Safety Code section 102426). From this dataset, maternal demographic and behavioral
variables for all birth certificates recorded in SBC for 2007 and 2008 were extracted for
analysis.
D. Data Analysis
The methodologic theme of the analysis phase follows a three-part hierarchical
structure : a) preliminary analyses; b) univariate and multivariable logistic regression;
and c) public health impact assessment. The first publishable paper of this dissertation
uses all three parts, while the second publishable paper used only the first two. The nature
of the statistics used is hierarchical in that the results of the preliminary analyses were
used to direct the univariate and multivariable logistic regression modeling strategy and
the final models identified in that phase were used to calculate the exposure impact
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number in our public health impact assessment. Details of each analytic phase are
provided in the sections below.
1. Preliminary Analyses
The initial assessment of each variable used in the later modeling and
impact phases required the use of several preliminary analytic methods. Generally, these
methods fall into two categories: variable characteristics and data integrity, and biologic
significance.
The variable characteristics included summarizing the distribution characteristics
via: a) assessment of normality using the Kolmogrov-Smirnov Test statistic; b) creation
and scrutiny of QQ-plots and histogram visualizations; c) assessment of the most
appropriate measure of central tendency (e.g., mean for Normal distributions, median for
non-Normal distributions); and d) examining measures of variability or dispersion (e.g.,
standard deviation, minimum and maximum values, skewness, or kurtosis). These
characteristics helped to describe each variable in greater detail and to identify the need
for mathematical transformations such as log-transformations that normalize the
distribution (where applicable). Where appropriate, parametric methods were used with
Normal data and the equivalent non-parametric method for non-Normal data. If both
variables were needed in the same analysis, the non-Normal variables were transformed
using Box-Cox power transformation techniques and then used in the parametric test.
Data integrity was also critically important in the preliminary analysis phase. In
this step, considerations of outliers, missing values, and data consistency were made to
ensure that errors in data entry and management did not permeate into the final analysis.
Two important investigator decisions were made in this regard. Firstly, all variables were
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required to be of the same data type. That is, within each variable in the data structure,
numeric values or coded values that used numbers must all be numeric and descriptive or
qualitative variables using character data types must all be characters. Secondly,
regardless of the original data management intentions, all missing values were coded with
a period value (i.e.,

For example, in the original Birth Cohort Files, missing values

were typically coded as either "99," "999," or some combination thereof. Although the
data dictionary specified how the missing values were coded, an inconsistency across
several different variables warranted the need to standardize all missing values using the
same construct. The common practice in most statistical programming packages such as
SAS, R or STATA is to use a period therefore we coded all missing values as such. This
allowed the data to be more consistent and let us assess for any bias associated with
missing data from each dataset.
Biologic significance was the final component of the preliminary analysis phase.
In this phase, differences in the outcomes of interest by the exposure (e.g., maternal
tobacco use, or maternal tobacco use cessation), and potential confounders were made
using parametric or non-parametric techniques as appropriate, and we used a conceptual
framework (Figure 2.1) of the potential confounders identified in the literature review in
choosing variables to assess. Potential confounders to be included in the later modeling
phase of our study had to be statistically associated with the exposure and previously
identified as risk indicators in the literature, although further testing of potential
confounding was made in the modeling phase of the study.
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2. Univariate and Multivariable Logistic Regression
Univariate ("crude") logistic regression models assessed exposureoutcome associations for each of the following demographic variables from the
California birth cohort files: maternal age (0-<l 8, 18-34, and 35 years or older), mother's
race/ethnicity (Hispanic, non-Hispanic Asian/Pacific Islander, non-Hispanic black.
Hispanic, non-Hispanic white, and other/multi-ethnic/not-specified), mother's years of
education (0-8. 9-11, 12, 13-15, and 16 years or more), mother’s use of the state of
California's Special Supplemental Nutrition Program for Women, Infants, and Children
(WIC) food and nutrition support services (yes vs. no), trimester prenatal care began
(none, first, second, or third trimester), and the principal payer for prenatal care.
The construction of multivariable ("adjusted") logistic regression models using
each of these variables allowed for the estimation of public health impact measures used
in the subsequent analysis (described later). Multivariable models were constructed using
formal -2 Log Likelihood "Goodness-of-Fit" test statistics to find the model that best
predicts smoking cessation either prior to or during pregnancy. Furthermore, assessment
using the commonly prescribed "10% change in estimate" rule-of-thumb approach was
also made.
Depending on the research question (RQ), what was defined as the exposure or
outcome in each logistic regression analysis was different. Table 3.1 describes the
variable properties of each RQ under each of the logistic regression modeling strategies
defined a priori. The preliminary variable assessment in the analytic phase, described
previously, and the literature review characterized which variables were included as
confounders in each model.
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Table 3.1. Modeling parameters defined a priori for each of the proposed research
questions of this dissertation proposal.
Research
Potential Confounders
Exposure of Interest
Outcome
Question
Pre-Pregnancy NonSmoking or Smoking
Low Birth Weight,
1
Cessation During
Pre-term Birth
Pregnancy
Pre-Pregnancy NonLow Birth Weight,
Smoking or Smoking
2
Cessation During
Pre-term Birth
Pregnancy
Pre-Pregnancy NonIdentified by Literature
Smoking or Smoking
Low Birth Weight,
Review and Preliminary
Cessation During
Pre-term Birth
Analysis Phase
Pregnancy
Maternal Smoking
Adequacy of Initiation of
4
Cessation During
Prenatal Care Index
Pregnancy
Maternal Smoking
Adequacy of Received
5
Cessation During
Prenatal Care Services
Index
Pregnancy
Maternal Smoking
Adequacy of Prenatal
Cessation During
6
Care Utilization Index
Pregnancy

Since some of these variables measured dimensions of the same potential
confounder (i.e., socioeconomic status), we also constructed models with confounders for
age and one additional covariate.
3. Measures of Public Health Impact
To examine the impact of demographic factors associated with maternal
tobacco cessation in SBC for RQ 3, we used the multivariable models identified in RQ's
1 -2 to conduct impact analyses that measure the number of the adverse infant outcomes
that are prevented by successful smoking cessation in mothers in SBC. We note here that
in clinical trials the Number Needed to Treat (NNT) is often used in univariate analyses
to calculate the number of adverse events that could be avoided by treatment. In
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prospective observational studies, however, NNT can be limited by the need to control
for confounding when examining an exposure effect.
Therefore, to control for confounding when examining the effect of avoiding
maternal smoking (i.e., by non-smoking or smoking cessation during pregnancy) we
calculated an Exposure Impact Number (EIN) proposed by Bender et al. (Bender et ah,
2007). The EIN computes the number of events that can be avoided by removing an
exposure with the estimate based on an averaged risk difference (derived from a logistic
regression model with exposure and confounders, i.e., RQ's 1-2), wherein the risk
difference for removal of exposure is averaged over the observed confounder values.
Specifically, the logistic model and expected risk difference (ERD) adjusted for
confounders is shown by
00

...,xk, 1)) - n(x1, ...>xk,0'))dFm(x1> ...,xk)
— CO

in which (xi,..., Xk) represents binary or continuous confounders and tt (xj.. .Xk, z)
represents the risk for the exposed (z = 1) and unexposed (z = 0) groups. An EIN is then
given by 1/ERD.
A confidence interval for the EIN is produced by the inverse of the variance
estimator for the ARD given by B • C • B' in which B is the vector of the coefficients
from the logistic model and C is the covariance matrix.
E. Power Analysis
Our preliminary review of the data identified 33,193 total live births in San
Bernardino County in 2007 and 32,035 in 2008. Of those born in 2007, 1,430 were
children bom to mothers who smoked during pregnancy, 1,843 were low birth weight,
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and 3,480 were pre-term deliveries. In 2008, 1,355 children were bom to mothers who
smoked during pregnancy, 1,798 were low birth weight, and 3,238 were preterm births.
Although we use several different models for our research questions, a priori
power and sample size calculations were performed using a generalized multivariable
logistic regression model of a binary exposure variable (e.g., smoking cessation during
pregnancy vs. maternal tobacco use during pregnancy) with each of the six demographic
characteristics (maternal age, mother's race/ethnicity, mother's years of education.
mother's use of WIC services, trimester in which prenatal care began, and the principal
payer for prenatal care) as potential confounders. Using a 20 cases per independent
variable rule-of-thumb, and considering multiple categories of each of the demographic
and exposure variables in the model, we anticipate approximately 340-380 cases would
be required to detect a risk difference of 0.2 with a family-wise type I error rate (a) of
5%. Using a more formal computerized methodology, the Power and Sample Size
(PASS) program was used to estimate the power of our analysis with roughly 1,000 to
1,200 cases. The results indicated that our analysis had a power of between 90.5-94.7% to
detect a risk difference as high as 0.5 with a family-wise type I error rate (a) of 5%.
F. Strengths and Limitations
To our knowledge, these are the first county-wide maternal tobacco use findings
from San Bernardino County, one of the largest and most diverse counties in the U.S.,
and the first use of state birth certificates for the purpose of assessing the public health
impact of maternal tobacco cessation on adverse infant outcomes using techniques
developed as recently as 2006. Furthermore, our findings not only confirm but also

attempt to quantify the direct impact of prenatal smoking cessation on the prevention of
adverse infant outcomes.
Results of this study are not generalizable to the entire state of California or the
country as a whole because they are not a random sample of all births. The results of this
study may underestimate the prevalence of tobacco use during pregnancy because
underreporting of cigarette smoking is higher among pregnant smokers than among non
pregnant smokers (Dietz et ah, 2011).
G. Research Ethics
Although approval of the ethical and professional standards to protect human
subjects had already been obtained from the Institutional Review Boards of the
University of California, Irvine and Loma Linda University in August, 2010 for the use
of 2004-2008 California Birth Cohort Files as part of the National Children's Study,
separate IRB approval for this study was obtained from Loma Linda University.
Furthermore, all members involved in the study have completed the online IRB training
curriculum through the Collaborative Institutional Training Initiative (CITI) Program for
the Protection of Human Research Subjects. This curriculum is developed by the
Institutional Review Board to cover issues relevant to the treatment of human subjects
participating in research conducted at Loma Linda University.
This study analyzed data from de-identified datasets and there was no direct
involvement with human subjects. It should be noted that the original IRB approval made
in part for the National Children's Study requested the use of confidential identifiers that
included the mother's place of residence at the time of delivery from the California Birth
Cohort Files. The mother's residential address was the only confidential data field that
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was used in this study, and once the births were geocoded for geographical analyses the
corresponding birth data were used in aggregate at the census block level (i.e., annual
number of births in a census block) and the personal identifiers were removed.
To preserve the confidentiality of the San Bernardino County birth data, the
records were stored securely at the Center for Health Research at the Loma Linda
University School of Public Health. The faculty advisor for this study. Dr. Pramil Singh,
provided oversight for the project and ensured confidentiality of the birth record data.
The data will not be reused. No information was published that could be used to identify
an individual subject. The data was not accessible to the internet nor used on unattended
laptops or in any other unsecured location, and the datasets were stored on a passwordprotected computer located in a locked office.
No parents or children for whom we received birth data were contacted and no
information from the birth certificates was used to identify subjects for recruitment into
any study. Assessments of the potential benefit and harm to human subjects were made.
but there are no direct benefits to the people listed in the datasets since we did not
identify or contact individuals. There are, however, highly significant potential benefits to
science and society by adequately studying the demographic and prenatal associations of
maternal tobacco use, their causal involvement in adverse birth outcomes, and the public
health impact of smoking cessation on adverse infant outcomes.
Since this study involves only archived data and no individual contact with human
subjects, a waiver of informed consent was requested, and approved, in the IRB
application. The risk to subjects is minimal, because the only confidential information
used was the mother's street address from a birth certification database with no other
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identifying information, such as the mother's name or birth date. Once the address was
geocoded to a census block level, the addresses were deleted from the research files. The
rights and welfare of the subjects were not adversely affected because the research files
could not be used to identify the subjects. Furthermore, informed consent was not
feasible because we could not know the names of the subjects or have any identifying
information other than a street address at the time of the birth delivery (which may not be
the current address of the subjects). Geographic analyses of demographic trends, an
initially sought after but later unused aim of this study, would not have been possible to
carry out without a waiver of informed consent because we could not geocode county
births to the census block in order to analyze them across San Bernardino County.
Compensation was not applicable to this research project. No medical, mental
health, or social services were provided to study subjects, and members of the research
team had no conflicts of interest that could affect the objective conduct of this research
study. All members of the research team agreed to comply with and be bound by the U.S.
DHHS regulations for the protection of human subjects and relevant ethical principles.
All members of the research team agreed to comply with and be bound by the Loma
Linda University Institutional Review Board, and the California Health and Human
Services Agency Committee for the Protection of Human Subjects.
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A. Introduction
Among women in the United States, maternal cigarette smoking is one of the
most important modifiable risk factors for adverse infant outcomes (e.g., low birth weight
(LBW), preterm-birth (preterm), and sudden infant death syndrome [SIDS]) (2001;
Cnattingius, 2004; Culyer & Newhouse, 2000). Although smoking rates among women
have been decreasing in the U.S., an estimated 22% of women of reproductive age
continued to smoke in 2006 (CDC, 2008), and it is estimated that among current female
smokers only 18% to 25% quit smoking after recognition of their pregnancy (HHS,
2004). Since the inclusion of maternal smoking history on U.S. birth certificates
beginning in 2003, data from 24 states indicate that 9.7% of birth mothers overall (15.5%
non-Hispanic white, 8.7% non-Hispanic black, and 2.1% Hispanic) smoked during
pregnancy (Osterman et ah, 2011). Furthermore, during 2000-2008, the prevalence of
LBW infants increased from 7.6 to 8.2 percent, while the prevalence of preterm also
increased from 11.6 to 12.3 percent (Martin et ah, 2010).
The aim of our study was to evaluate the impact of smoking cessation during
pregnancy and non-smoking on the prevalence of adverse infant outcomes (LBW and
preterm) in San Bernardino County (SBC), California. San Bernardino is the largest
county in the contiguous U.S. and is home to over 2 million residents. Rankings based on
an analysis by the Robert Wood Johnson Foundation of 3,000 counties within the U.S.
place SBC at 45th (of 56) in California based on health outcomes, and 50th on health
factors (Institute, 2012). As of 2009, SBC experienced one of the highest rates of infant
mortality (7.5 deaths per 1,000 live births), low-birth weight (7.1 percent) and pre-term
births (11.5 percent) in the state (California Department of Public Health [CDPH], 2009;
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Vital Statistics Query System, 2013). When considering county-level resources to address
the burden of adverse infant outcomes, it is noteworthy that SBC faces severe economic
challenges from home foreclosures (Knox, 2008), municipal bankruptcy (Willon, 2012),
and a high prevalence of unemployment and working poor {County Health Rankings
2012, 2012; Shimura, 2012). Our specific aims were:
1) To describe the association between never-smoking and LBW or pre-term
outcomes among SBC birth mothers,
2) To describe the association between smoking cessation at pregnancy
recognition and LBW and pre-term births among SBC birth mothers,
3) To examine the public health impact (i.e., number of adverse birth outcomes
avoided) of smoking cessation at pregnancy recognition among SBC birth
mothers.
These aims provide immediate, usable data for allocating resources to prevent
maternal smoking in the county and the region.
B. Methods
1. Data Source
As a part of demographic analyses for the National Children's Study, deindentified Birth Cohort Files were obtained from California's Department of Public
Health (CDPH) for the years spanning 2004-2008 by Loma Linda University and
University of California, Irvine. These birth files document 100 percent of live births
registered in California during each calendar year and contain information related to
maternal and paternal demographic characteristics. After the implementation of the
National Center for Health Statistics (NCHS) 2003 revision of the U.S. Standard
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Certificate of Live Birth in 2007, information on tobacco use during pregnancy became
available to California (California Health and Safety Code section 102426). Therefore,
maternal demographic and behavioral variables for all birth certificates recorded in SBC
for 2007 and 2008 were extracted for analysis. Approval of the ethical and professional
standards for the treatment of human subjects used for this study was obtained by the
Institutional Review Boards of University of California, Irvine and Loma Linda
University.
2. Maternal Smoking Assessment
California implemented the 2003 revision birth certificates in 2007, and
has since collected data from mothers on the number of cigarettes or packs of cigarettes
smoked before and during pregnancy. Four items are recorded representing the number of
cigarettes used in the three months prior, as well as the first, second, and third trimester
of pregnancy. The information is recorded by the facility of birth based on information
obtained from the mother, or, if the birth did not occur in a facility, is completed by the
attendant or certifier based on information obtained from the mother. For our analysis,
women who reported smoking any number of cigarettes during any trimester of
pregnancy were considered "smokers during pregnancy," while those who smoked in the
three months before pregnancy but not in any of the three trimesters were considered
"smoking cessation during pregnancy."
3. Adverse Infant Outcomes
Of the adverse infant outcomes reported on birth certificates, our analysis
examined low birth weight and pre-term birth. Although the birth certificate includes
variables on complications of pregnancy and delivery that report low birth weight or pre-
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term birth outcomes, we chose to use a standardized method of outcome assessment and
thus specifically coded these outcomes based on the actual birth weight and length of
gestation recorded at delivery. Those births with a birth weight under 2500 grams were
classified as "low birth weight," and those with a length of gestation under 37 weeks (259
days) were classified as "pre-term birth" based on the U.S. national reference for fetal
growth (Alexander, Himes, Kaufman, Mor, & Kogan, 1996).
4. Statistical A nalysis
Logistic Regression Analysis. We conducted a multivariable logistic
regression analysis to examine the relationship between maternal smoking and adverse
birth outcomes using the following variables: outcome variables were low birth weight
and pre-term birth; exposure variables were defined as indicators for smoking cessation
during pregnancy, non-smoking (before or during pregnancy), and, as a referent, smoking
during pregnancy. We constructed larger multivariable models by adding the following
variables to the model and examining the change in exposure estimate: maternal age (0<18, 18-34, and 35 years or older); mother's race/ethnicity (Hispanic, non-Hispanic
Asian/Pacific Islander, non-Hispanic black, Hispanic, non-Hispanic white, and
other/multi-ethnic/not-specified); mother's years of education (0-8, 9-11, 12, 13-15, and
16 years or more); mother's use of the state of California's Special Supplemental
Nutrition Program for Women, Infants, and Children (WIC) food and nutrition support
services (yes vv no); trimester in which prenatal care began (none, first, second, or third
trimester); and the principal payer for prenatal care. Since many of these variables
measured dimensions of the same potential confounder (i.e., socioeconomic status), we
constructed models with confounders of age and one additional covariate.
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Exposure Impact Number. To examine how smoking cessation during pregnancy
or non-smoking (before and during pregnancy) can alleviate the burden of adverse infant
outcomes in SBC, we conducted analyses to measure the number of the adverse infant
outcomes that could be prevented by non-smoking or by smoking cessation. We note here
that in clinical trials the Number Needed to Treat (NNT) is often used in univariate
analyses to calculate the number of adverse events that could be avoided by treatment
(Cook & Sackett, 1995). In prospective observational studies, however, NNT can be
limited by the need to control for confounding when examining an exposure effect
(Bender et ah, 2007; Heller, Dobson, Attia, & Page, 2002).
Therefore, to control for confounding when examining the effect of avoiding
maternal smoking (i.e., by non-smoking or smoking cessation) we calculated an Exposure
Impact Number (EIN) proposed by Bender et al. (Bender et ah, 2007). The EIN computes
the number of events that could be avoided by removing an exposure: the estimate is
based on an averaged risk difference (derived from a logistic regression model with
exposure and confounders), in which the risk difference for removal of exposure is
averaged over the observed confounder values. Specifically, the logistic model and
expected risk difference (ERD) adjusted for confounders is shown by
CO

(tt^, ...,xk, 1)) - n(x

..,xk, 0))dF*(x i>

■

..,Xk)

— CO

in which (xi ..., xift represents binary or continuous confounders and tt (xi...Xk, z)
represents the risk for the exposed (z = 1) and unexposed (z = 0) groups. An EIN is then
given by 1/ERD.
A confidence interval for the EIN is produced by the inverse of the variance
estimator for the ARD given by B • C • B' in which B is the vector of the coefficients
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from the logistic model and C is the covariance matrix. All analyses were performed
using SAS version 9.3 (SAS Institute Inc., Cary, North Carolina).
C. Results
There were 33,193 total live births in SBC in 2007 and 32,035 in 2008. Of those
bom in 2007, 1,430 children were bom to mothers who smoked during pregnancy, 1,843
were LBW, and 3,480 were pre-term deliveries. In 2008, 1,355 children were bom to
mothers who smoked during pregnancy, 1,798 were LBW, and 3,238 were preterm
births. Tables 4.1 through 4.4 provide the demographic characteristics of infants bom
with LBW or preterm outcomes, respectively, for 2007 and 2008, respectively.
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Table 4.1. Frequency and percentages of selected demographic features of mothers of
infants bom with and without low birth weight outcomes in San Bernardino County in
2007.
Low Birth
No low birth
Total
weight
weight
L841
(6.0%)
33,193
28,703 (94.0%)
n (column %)
Maternal Tobacco Use
1,670 (90.9)
26,877 (93.9)
28,547 (93.7)
Never Smoker
134 (7.3)
1,354 (4.4)
1,220 (4.3)
Smoking During Pregnancy
33 (1.8)
530 (1.9)
563 (1.9)
Pre-pregnancy Smoker Only
Maternal Age
96 (5.2)
1,269 (4.4)
1,365 (4.5)
< 18 Years
1,498 (81.3)
24,214(84.4)
25,712 (84.2)
18-<35 Years
249 (13.5)
3,219(11.2)
3,468 (11.4)
35 Years or older
Mother's Race/Ethnicity
1,027 (55.7)
17,394 (60.6)
18,421 (60.3)
Hispanic
418 (22.7)
7,043 (24.5)
7,461 (24.4)
Non-Hispanic white
260(14.1)
2,409 (8.4)
2,669 (8.7)
Non-Hispanic black
129 (7.0)
1,693 (5,9)
1,822 (6.0)
Asian/Pacific Islander
9 (0.5)
164 (0.6)
173 (0.6)
Other/Multi/Unknown
Mother's Years of Education
128 (7.0)
2,029 (7.1)
2,157(7.1)
0-8 Years
458 (25.0)
6,826 (24.0)
7,284 (24.0)
9-11 Years
643 (35.0)
9,677 (34.0)
10,320 (34.1)
12 Years
545 (29.7)
8,880
(31.2)
9,425 (31.1)
13-15 Years
62 (3.4)
1,063 (3.7)
1,125 (3.7)
16 Years or More
Mother's Use ofWIC
792 (43.7)
12,049 (42.4)
12,841 (42.4)
No
1,022 (56.3)
16,404 (57.7)
17,426 (57.6)
Yes
Trimester Prenatal Care Began
42 (2.3)
271 (0.9)
229 (0.8)
No Prenatal Care
1,447
(79.3)
22,986
(80.7)
24.433 (80.6)
First Trimester
288 (15.8)
4,441 (15.6)
Second Trimester
4.729 (15.6)
48 (2.6)
832 (2.9)
880 (2.9)
Third Trimester
Principal Source of Payment
for Prenatal Care
105 (5.7)
1,009 (3.3)
904 (3.2)
Uninsured
715 (38.8)
1 1,955 (41.7)
12,670 (41.5)
Private Insurance
931 (50.5)
14,122 (49.2)
15,053 (49.3)
Medi-Cal
1,722 (6.0)
92 (5.0)
1,814(5.9)
Other
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Table 4.2. Frequency and percentages of selected demographic features of mothers of
infants bom with and without low birth weight outcomes in San Bernardino County in
2008.
Low birth
No low birth
Total
weight
weight
L795 (6.0%)
27,879 (94.0%)
32,035
n (column %)
Maternal Tobacco Use
1,615 (90.2)
26,130 (93.9)
27,745 (93.6)
Never Smoker
131 (7.3)
1,153 (4.1)
1,284 (4.3)
Smoking During Pregnancy
45 (2.5)
560 (2.0)
605 (2.0)
Pre-pregnancy Smoker Only
Maternal Age
104 (5.8)
1,169 (4.2)
1,273 (4.3)
< 18 Years
23,517 (84.4)
1,415 (78.7)
24,932 (84.0)
18-<35 Years
279 (15.5)
3,193 (11.5)
3,472 (11.7)
35 Years or older
Mother's Race/Ethnicity
1,022 (56.8)
16,817(60.3)
17,839 (60.1)
Hispanic
392 (21.8)
6.867 (24.6)
7,259 (24.5)
Non-Hispanic white
248 (13.8)
2,374 (8.5)
2,622 (8.8)
Non-Hispanic black
121 (6.7)
1,627 (5.8)
1,748 (5.9)
Asian/Pacific Islander
15 (0.8)
194 (0.7)
Other/Multi/Unknown
209 (0.7)
Mother's Years of Education
104 (5.9)
1,776 (6.4)
1,880 (6.4)
0-8 Years
477 (26.9)
6,548 (23.7)
7.025 (23.9)
9-11 Years
570 (32.1)
9.057 (32.8)
9.627 (32.7)
12 Years
551
(31.1)
9.142
(33.1)
9,693 (33.0)
13-15 Years
72 (4.1)
1,114(4.0)
1.186 (4.0)
16 Years or More
Mother's Use of WIC
752 (42.2)
10.581 (38.2)
1 1,333 (38.4)
No
1,030 (57.8)
18,183 (61.6)
17,153 (61.9)
Yes
Trimester Prenatal Care Began
36 (2.0)
184 (0.7)
No Prenatal Care
220 (0.8)
1,396 (78.3)
22.567 (81.6)
First Trimester
23.963 (81.4)
315 (17.7)
4.476(15.2)
4.161 (15.1)
Second Trimester
36 (2.0)
745 (2.7)
Third Trimester
781 (2.7)
Principal Source of Payment
for Prenatal Care
87 (4.8)
738 (2.7)
825 (2.8)
Uninsured
705 (39.2)
11,466 (41.1)
Private Insurance
12,171 (41.0)
916(51.0)
14.793 (49.9)
13.877 (49.8)
Medi-Cal
90 (5.0)
1,798 (6.5)
Other
1.888 (6.4)
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Table 4.3. Frequency and percentages of selected demographic features of mothers of
infants bom with pre-term or normal term outcomes in San Bernardino County in 2007.
Preterm
Normal Term
Total
29,713
(89.5%)
3,480
(10.5%)
33,193
n (column %)
Maternal Tobacco Use
3,193 (92.2)
27,857 (94.0)
31,050 (93.8)
Never Smoker
206 (6.0)
1,224
(4.1)
1,430
(4.3)
Smoking During Pregnancy
64(1.9)
562 (1.9)
626 (1.9)
Pre-pregnancy Smoker Only
Maternal Age
180 (5.2)
1,242 (4.2)
1,422 (4.3)
< 18 Years
2,803 (80.6)
27,918 (84.1)
25,115 (84.5)
18-<35 Years
496 (14.3)
3,355 (11.3)
3,851 (11.6)
35 Years or older
Mother's Race/Ethnicity
2,146 (61.7)
17,913 (60.3)
20,059 (60.4)
Hispanic
729 (21.0)
7,489
(25.2)
8,218(24.8)
Non-Hispanic white
383 (11.0)
2,417(8.1)
2,800 (8.4)
Non-Hispanic black
204 (5.9)
1,721 (5.8)
1,925 (5.8)
Asian/Pacific Islander
18(0.5)
173 (0.6)
191 (0.6)
Other/Multi/Unknown
Mother's Years of Education
285 (8.3)
2,075 (7.0)
2,360 (7.2)
0-8 Years
942 (27.3)
6,889 (23.4)
7,831 (23.8)
9-11 Years
1,171 (33.9)
9,974 (33.8)
11,145 (33.8)
12 Years
946 (27.4)
9,444 (32.0)
10,390 (31.6)
13-15 Years
109 (3.2)
1,099 (3.7)
1,208 (3.7)
16 Years or More
Mother's Use of WIC
1,411 (41.0)
12,634 (42.9)
14,045 (42.7)
No
2,027 (59.0)
16,824 (57.1)
18,851 (57.3)
Yes
Trimester Prenatal Care Began
90 (2.6)
289 (0.9)
199 (0.7)
No Prenatal Care
2,638 (76.7)
23,992 (81.3)
26,630 (80.8)
First Trimester
5,084 (15.4)
4,480 (15.2)
604(17.6)
Second Trimester
109 (3.2)
941 (2.9)
832.(2.8)
Third Trimester
Principal Source of Payment
for Prenatal Care
206 (5.9)
1,084 (3.3)
878 (3.0)
Uninsured
13,920 (41.9)
12,647 (42.6)
1,273 (36.6)
Private Insurance
1,816(52.2)
16,236 (48.9)
14,420 (48.5)
Medi-Cal
185 (5.3)
1,768 (6.0)
Other
1,953 (5.9)

46

Table 4.4. Frequency and percentages of selected demographic features of mothers of
infants bom with pre-term or normal term outcomes in San Bernardino County in 2008.
Preterm
Normal Term
Total
28J97 (89,9%) 3,238 (10.1%)
32,035
n (column %)
Maternal Tobacco Use
2,978 (92.2)
27,011 (93.9)
29,989 (93.7)
Never Smoker
187(5.8)
1,168 (4.1)
1,355 (4.2)
Smoking During Pregnancy
64 (2.0)
584 (2.0)
648 (2.0)
Pre-pregnancy Smoker Only
Maternal Age
159(4.9)
1,158 (4.0)
1,317(4.1)
< 18 Years
2,600 (80.3)
24,286 (84.3)
26,886 (83.9)
18-<35 Years
479(14.8)
3,353 (11.6)
3,832 (12.0)
35 Years or older
Mother's Race/Ethnicity
1,962 (60.6)
17,251 (59.9)
19,213 (60.0)
Hispanic
738 (22.8)
7,275 (25.3)
8,013 (25.0)
Non-Hispanic white
339 (10.5)
2,417(8.4)
2,756 (8.6)
Non-Hispanic black
174 (5.4)
1,650 (5.7)
1.824 (5.7)
Asian/Pacific Islander
25 (0.8)
204
(0.7)
229
(0.7)
Other/Multi/Unknown
Mother's Years of Education
240 (7.5)
1,805 (6.3)
2,045 (6.4)
0-8 Years
871 (27.2)
7,504 (23.6)
6,633 (23.2)
9-11 Years
1,059 (33.1)
10,399 (32.8)
9,340 (32.7)
12 Years
910(28.4)
9.612(33.7)
10.522 (33.1)
13-15 Years
122 (3.8)
1,157(4.1)
1,279 (4.0)
16 Years or More
Mother's Use ofWIC
11,089 (38.7)
1,239 (38.5)
12,328 (38.7)
No
1,978 (61.5)
17.557 (61.3)
19,535 (61.3)
Yes
Trimester Prenatal Care Began
68 (2.1)
162 (0.6)
230 (0.7)
No Prenatal Care
25,949 (81.6)
2,481 (77.5)
23,468 (82.1)
First Trimester
559 (17.5)
4,221 (14.8)
4,780(15.0)
Second Trimester
92 (2.9)
734 (2.6)
Third Trimester
826 (2.6)
Principal Source of Payment
for Prenatal Care
162 (5.0)
888 (2.8)
726 (2.5)
Uninsured
1,196 (36.9)
12.099(42.0)
Private Insurance
13,295 (41.5)
1,702 (52.6)
15.844 (49.5)
14,142 (49.1)
Medi-Cal
1.830 (6.4)
178 (5.5)
2.008 (6.3)
Other

Tables 4.5 and 4.6 present the age-adjusted univariate odds ratios for LBW and
preterm outcomes, respectively, for each of the selected characteristics of mothers in SBC
in 2007 and 2008. Compared to mothers who smoked during pregnancy, non-smoking
47

mothers had a substantially lower risk for LBW (OR: 0.56 [95% Cl 0.47, 0.68], 2007;
0.54 [0.44, 0.65], 2008) and preterm outcomes (0.68 [0.58, 0.79], 2007; 0.68 [0.58, 0.80],
2008) in both calendar years. Similarly, mothers who quit smoking during the pregnancy
had reduced risks of LBW (0.57 [0.39, 0.85], 2007; 0.72 [0.50, 1.02], 2008) and preterm
outcomes (0.69 [0.51, 0.92], 2007; 0.69 [0.51,0.93], 2008) compared to those who
continued to smoke during pregnancy. Non-Hispanic black and Asian/Pacific Islander
mothers were shown to have increased risk for LBW and preterm outcomes when
compared to non-Hispanic white mothers. Hispanic race/ethnicity was also shown to have
increased risk for preterm outcomes in each calendar year when compared to nonHispanic white mothers (1.22 [1.12, 1.34], 2007; 1.12 [1.02, 1.22], 2008), but the
association for LBW was not as clear. More than 12 years of education demonstrated
significant reductions in risk for preterm birth at any level, while less than 12 years of
education showed a significant increase in risk for preterm birth at any level. Use of WIC
services was shown to have a slight reduction in risk for LBW (0.95 [0.87, 1.05], 2007;
0.85 [0.77, 0.94], 2008) despite slightly increasing the risk for preterm outcomes (1.09
[1.01, 1.17], 2007; 1.02 [0.95, 1.10], 2008). Interestingly, mothers who began their
prenatal care at any trimester had a significant reduction in risk for LBW and preterm
births in either year observed compared to mothers who had no prenatal care whatsoever.
Lack of insurance and Medi-Cal as a primary payer for prenatal care showed increased
risk for LBW and preterm outcomes when compared to those with a private insurance
payer.
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Table 4.5. Age-adjusted univariate odds ratios for low birth weight for select
characteristics of mothers in San Bernardino County in 2007 and 2008.
2008
2007
N = 29,677
N = 30,546
Maternal Tobacco Use
0.54 (0.44, 0.65)
0.56 (0.47, 0.68)
Never Smoker
1.00 (Reference)
1.00 (Reference)
Smoking During Pregnancy
0.72 (0.50, 1.02)
0.57 (0.39,0.85)
Pre-pregnancy Smoker Only
Maternal Age
1.48 (1.20, 1.82)
1.22 (0.99, 1.52)
< 18 Years
1.00
(Reference)
1.00 (Reference)
18-<35 Years
1.45 (1.27, 1.66)
1.25 (1.09, 1.44)
35 Years or older
Mother's Race/Ethnicity
1.05 (0.94, 1.19)
0.99 (0.88, 1.11)
Hispanic
1.00 (Reference)
1.00 (Reference)
Non-Hispanic white
1.82 (1.54, 2.15)
1.81 (1.54,2.13)
Non-Hispanic black
1.24 (1.01, 1.54)
1.26 (1.03, 1.54)
Asian/Pacific Islander
1.33 (0.78,2.27)
0.91 (0.46, 1.80)
Other/Multi/Unknown
Mother's Years of Education
0.87(0.70, 1.08)
0.92 (0.76, 1.12)
0-8 Years
1.10(0.97, 1.26)
0.98 (0.86, 1.12)
9-11 Years
1.00 (Reference)
1.00 (Reference)
12 Years
0.93 (0.83, 1.05)
0.91 (0.81, 1.03)
13-15 Years
0.84(0.64,
1.10)
(0.73, 1.22)
0.95
16 Years or More
Mother's Use ofWIC
1.00 (Reference)
1.00 (Reference)
No
0.85 (0.77, 0.94)
0.95 (0.87, 1.05)
Yes
Trimester Prenatal Care Began
1.00 (Reference)
1.00 (Reference)
No Prenatal Care
0.34 (0.25, 0.48)
0.32 (0.22, 0.46)
First Trimester
0.39 (0.27, 0.57)
0.35 (0.25, 0.50)
Second Trimester
0.31 (0.20, 0.49)
0.25 (0.15, 0.40)
Third Trimester
Principal Source of Payment
for Prenatal Care
1.00 (Reference)
1.00 (Reference)
Uninsured
1.09 (0.99, 1.21)
1.12
(1.01.
1.24)
Private Insurance
0.91 (0.73. 1.14)
0.84 (0.67, 1.05)
Medi-Cal
1.92 (1.52,2.43)
1.95 (1.57,2.42)
Other
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Table 4.6. Age-adjusted univariate odds ratios for preterm birth for select characteristics
of mothers in San Bernardino County in 2007 and2008.
2008
2007
N = 32,035
N = 33,193
Maternal Tobacco Use
0.68 (0.58, 0.80)
0.68 (0.58, 0.79)
Never Smoker
1.00 (Reference)
1.00 (Reference)
Smoking During Pregnancy
0.69 (0.51,0.93)
0.69 (0.51,0.92)
Pre-pregnancy Smoker Only
Maternal Age
1.28 (1.08, 1.52)
1.30 (1.11, 1.53)
< 18 Years
1.00 (Reference)
1.00 (Reference)
18-<35 Years
1.34 (1.20, 1.48)
1.33 (1.20, 1.47)
35 Years or older
Mother's Race/Ethnicity
1.12 (1.02, 1.22)
1.22 (1.12, 1.34)
Hispanic
1.00
(Reference)
1.00 (Reference)
Non-Hispanic white
1.38 (1.20, 1.58)
1.62(1.42, 1.84)
Non-Hispanic black
1.00 (0.84, 1.19)
1.18 (1.00, 1.40)
Asian/Pacific Islander
1.19(0.78, 1.81)
0.99
(0.60,
1.63)
Other/Multi/Unknown
Mother's Years of Education
1.12 (0.96, 1.30)
1.13 (0.98, 1.30)
0-8 Years
1.14(1.03, 1.26)
1.15 (1.04, 1.26)
9-11 Years
1.00 (Reference)
1.00 (Reference)
12 Years
0.82
(0.75, 0.90)
0.84
(0.77,
0.92)
13-15 Years
0.87 (0.72, 1.07)
0.80 (0.65, 0.98)
16 Years or More
Mother's Use of WIC
1.00 (Reference)
1.00 (Reference)
No
1.02 (0.95, 1.10)
1.09(1.01, 1.17)
Yes
Trimester Prenatal Care Began
1.00 (Reference)
1.00 (Reference)
No Prenatal Care
0.25
(0.19, 0.34)
0.24(0.19.
0.31)
First Trimester
0.32 (0.24, 0.43)
0.30 (0.23,0.39)
Second Trimester
0.30 (0.21,0.43)
0.29 (0.21,0.39)
Third Trimester
Principal Source of Payment
for Prenatal Care
1.00 (Reference)
1.00 (Reference)
Uninsured
1.24 (1.15, 1.34)
1.27 (1.18, 1.37)
Private Insurance
1.01 (0.86, 1.19)
1.06 (0.90, 1.25)
Medi-Cal
2.26 (1.89,2.71)
2.35 (1.99,2.76)
Other

50

Tables 4.7 and 4.8 present multivariable odds ratios relating maternal smoking to
LBW and preterm outcomes with adjustment for age and one additional covariate for
2007 and 2008, respectively. Non-smoking mothers showed a substantially lower risk for
LBW and preterm outcomes in each calendar year compared to those who smoked during
pregnancy. In 2007, smoking cessation during pregnancy was associated with reduced
risk for LBW when adjusting for age and any of the added covariates. This association
was not significant in 2008, however, despite point estimates demonstrating reduced odds
ratios compared to those mothers who smoked during pregnancy. In 2007 and 2008, the
risk for preterm outcome was significantly reduced when adjusting for age and mother's
race/ethnicity or use of WIC services.
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Table 4.7. Multivariable odds ratios relating maternal smoking to low birth weight with
adjustment for age and one additional covariate for San Bernardino County in 2007.
Pre-Pregnancy
Smoking During
Never Smoker
Smoker Only
Pregnancy
n = 626
n = 1,430
n = 31,050
Low Birth Weight
0.56 (0.47, 0.68) 1.00 (Reference) 0.57 (0.39, 0.85)
Age
0.57 (0.47, 0.69) 1.00 (Reference) 0.58 (0.39, 0.86)
Age + Ethnicity
0.59 (0.49, 0.71) 1.00 (Reference) 0.59 (0.40, 0.88)
Age + Education
0.55 (0.46, 0.67) 1.00 (Reference) 0.57 (0.38, 0.85)
Age + WIC
Age + Trimester
0.60 (0.49, 0.72) 1.00 (Reference) 0.61 (0.41,0.91)
Prenatal Care Began
Age + Primary Source of
0.60 (0.49, 0.72) 1.00 (Reference) 0.62 (0.42, 0.93)
Payment for Prenatal Care
Pre-Term Birth
0.68 (0.58, 0.79) 1.00 (Reference) 0.69 (0.51,0.92)
Age
0.62 (0.53, 0.73) 1.00 (Reference) 0.68 (0.50, 0.91)
Age + Ethnicity
0.72 (0.61,0.84) 1.00 (Reference) 0.73 (0.54, 0.98)
Age + Education
0.67 (0.58, 0.78) 1.00 (Reference) 0.69 (0.51,0.93)
Age + WIC
Age + Trimester
0.76 (0.65, 0.89) 1.00 (Reference) 0.75 (0.55, 1.02)
Prenatal Care Began
Age + Primary Source of
0.75 (0.64, 0.88) 1.00 (Reference) 0.77 (0.57, 1.04)
Payment for Prenatal Care
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Table 4.8. Multivariable odds ratios relating maternal smoking to low birth weight with
adjustment for age and one additional covariate for San Bernardino County in 2008.
Smoking During Pre-Pregnancy
Never Smoker
Pregnancy
Smoker Only
n = 648
n= 1,355
n = 29,989
Low Birth Weight
0.54 (0.44, 0.65) 1.00 (Reference) 0.72 (0.50, 1.02)
Age
0.53 (0.43, 0.64) 1.00 (Reference) 0.72 (0.51, 1.03)
Age + Ethnicity
Age + Education
0.55 (0.45, 0.66) 1.00 (Reference) 0.73 (0.51, 1.04)
0.55 (0.45, 0.66) 1.00 (Reference) 0.73 (0.51, 1.03)
Age + WIC
Age + Trimester
0.56 (0.46, 0.68) 1.00 (Reference) 0.73 (0.51, 1.04)
Prenatal Care Began
Age + Primary Source of
0.55 (0.45, 0.67) 1.00 (Reference) 0.76 (0.53, 1.08)
Payment for Prenatal Care
Pre-Term Birth
Age
0.68 (0.58, 0.80) 1.00 (Reference) 0.69 (0.51,0.93)
0.66 (0.56, 0.77) 1.00 (Reference) 0.69 (0.51,0.93)
Age + Ethnicity
Age + Education
0.73 (0.54, 0.98) 1.00 (Reference) 0.73 (0.54, 0.98)
0.69 (0.58, 0.80) 1.00 (Reference) 0.69 (0.51,0.93)
Age + WIC
Age + Trimester
0.75 (0.63, 0.88) 1.00 (Reference) 0.74 (0.55, 1.01)
Prenatal Care Began
Age + Primary Source of
0.74 (0.63, 0.87) 1.00 (Reference) 0.76 (0.56, 1.02)
Payment for Prenatal Care

To examine the public health impact of smoking cessation at pregnancy
recognition, we calculated the EIN for LBW (EIN: 35.3 [95% Cl: 21.1, 108.2]) and
preterm outcomes (EIN: 28.3 [95% Cl: 17.6, 72.4]). These results indicate that, on
average, 35 to 36 mothers who smoked during pregnancy could have avoided one case of
LBW by ceasing to smoke during their pregnancy. Due to estimation uncertainty the EIN
may also lie between 21 and 109 mothers ceasing to smoke during pregnancy to prevent
LBW outcome in one additional child compared to mothers who continued to smoke
during pregnancy. Similarly, 28 to 29 mothers who smoked during pregnancy could have
avoided one case of preterm birth by ceasing to smoke during their pregnancy with an
uncertainty ranging from 17 and 73 mothers. We also calculated the EIN for non-

53

smoking relative to smoking during pregnancy; the public health impact of non-smoking
was markedly greater, with EINs for LBW (EIN: 24.5 [95% Cl: 19.0, 34.3]) and preterm
outcomes (EIN: 24.5 [95% Cl: 18.5, 36.1]).
D. Discussion
Our major findings are as follows: 1) relative to maternal smokers, a significantly
lower risk of low birth weight was found for non-smoking mothers and for mothers who
quit smoking during pregnancy; 2) relative to maternal smokers, a significantly lower risk
of pre-term birth was found for non-smoking mothers and for mothers who quit smoking
during pregnancy; 3) an exposure impact assessment indicating a single low birth-weight
or pre-term birth in the county could be prevented either by 35 mothers quitting smoking
during pregnancy or by 25 mothers who were non-smokers before pre-pregnancy.
Our findings identify a strong etiologic link between maternal smoking and
adverse infant outcomes (LBW, pre-term births) in San Bernardino County, an ethnically
diverse county with high rates of adverse infant outcomes and health care resources
which have been severely limited by the economic downturn. Our approach involved the
use of novel methodology to provide an estimate of how many women are needed to quit
smoking during pregnancy or to avoid smoking pre-pregnancy (i.e., by cessation or
lifetime never-smoking) in order to prevent adverse infant outcomes. These negative
outcomes can result in costly extended stays in neonatal intensive care units (NICUs)
(Catlin, 2006; Marks, Koplan, Hogue. & Dalmat, 1990) and the long term, untold deficits
experienced by surviving infants (Hack et ah, 2005; Swamy, Ostbye, & Skjaerven, 2008).
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1. Implications ofAllocating Resources to Smoking Cessation Programs
Designedfor Pregnant Women
Our analysis indicated that one low birth weight or pre-term birth outcome
could be prevented either by 35 women quitting smoking during pregnancy or by 22
women quitting/avoiding smoking pre-pregnancy. These data model the effectiveness of
existing smoking cessation programs for pregnant women and point up the wisdom of
allocating limited resources to new programs.
One implication of our findings is the cost-effectiveness of incorporating smoking
cessation services specific to pregnant women in San Bernardino County. A costbenefit/cost-effectiveness analysis conducted by Marks et al. found that a program
offered to all pregnant smokers would shift 5,876 LBW infants to normal weight and
would cost about $4,000 for each LBW delivery prevented (Marks et ah, 1990). Using
the same parameters of their study ($30 per participant and 15% of the participants would
quit smoking), paired with the EIN values we projected, estimated cost is approximately
$7,000 for each LBW or preterm delivery prevented.
When considering the costs associated with NICU treatment, the financial and
societal consequences of adverse infant outcomes and the benefits of smoking cessation
efforts become self-evident. For example, daily NICU costs exceeding $3,500 per infant
are not uncommon (Catlin, 2006) and in an analysis of 680 newborns from the Healthcare
Cost and Utilization Project Kids Inpatient Discharge (HCUP-KIDs) data, LBW infants
typically stayed for 228 days with average costs of $703,356 (SD $19,846) (Catlin,
2006). In the cost-benefit analysis mentioned previously, Marks et al. estimated that
smoking cessation programs would save $77,807,054, or $3.31 per $1 spent compared to
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the cost of treating LBW infants in a NICU (Marks et al., 1990). Even further, the ratio
of savings to cost increase to more than six to one when including long-term care for
infants with disabilities secondary to LBW (Marks et ah, 1990).
A second implication of our findings is that San Bernardino County is lacking in
smoking cessation efforts targeted towards pregnant women. The 2001 Surgeon General's
Report on Women and Smoking stated that 20-25% of women of lower socioeconomic
status enrolled in intensive smoking cessation programs were successful in smoking
cessation, but only a small proportion take advantage of such programs (HHS, 2001). It
could be the case that women are not taking advantage of these programs due to lack of
awareness, in which case allocating resources to promote these programs would help
improve their utilization. Alternatively, there could also be a lack of program availability.
This latter possibility seems to be the case in San Bernardino County. According to the
California Smoker's Helpline, San Bernardino County currently has only one program.
the Comprehensive Tobacco Treatment Program (CTTP), which offers smoking
cessation services designed specifically for women. The expansion of smoking cessation
programs specific to pregnant women or the inclusion of services specific to pregnant
women among other existing cessation programs that do not address pregnant women
could provide an avenue for substantial improvement not only in the number of women
who quit during pregnancy but also in reducing the incidence of adverse infant outcomes.
2. Strengths and Limitations
To our knowledge, these are the first county-wide maternal tobacco use
findings from San Bernardino County, one of the most diverse counties in the U.S., and
the first use of state birth certificates for this purpose. Furthermore, our findings not only
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confirm but also attempt to quantify the direct impact of prenatal smoking cessation on
the prevention of adverse infant outcomes. Results of this study are not generalizable to
the entire state of California or the country as a whole because they are not a random
sample of all births. Additionally, these results may underestimate the prevalence of
tobacco use during pregnancy because underreporting of cigarette smoking is higher
among pregnant smokers than among non-pregnant smokers (Dietz et ah, 2011).
E. Conclusion
We estimated that 35 women are needed to stop smoking during pregnancy to
prevent one excess case of LBW or preterm birth in SBC. Our findings are concordant
with convincing data linking maternal smoking to LBW and preterm outcomes in the
U.S., and our impact calculations show the beneficial implications for allocating
resources to maternal smoking cessation and prevention programs in a low resource
county.
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A. Introduction
Smoking during pregnancy is a known and potent risk factor for adverse infant
outcomes. Despite improvements in the understanding of and interventions for smoking
cessation that are now available, 9.7% of U.S. women currently smoke throughout
pregnancy (Melvin, Dolan-Mullen, Windsor, Whiteside, & Goldenberg, 2000; HHS,
2001) and quit rates after pregnancy recognition range from 18% to 25% (HHS, 2004).
Although smoking among women has been on the decline in the United States, an
estimated 22% of women of reproductive age continued to smoke in 2006 (CDC, 2008).
There are three primary avenues for introducing cessation intervention: 1)
education of reproductive age women to promote self-directed cessation at pregnancy
recognition; 2) referral networks to maternal smoking cessation programs; and 3)
obstetric health care provider intervention during prenatal care visits in the form of the 5
A’s (ask, advise, assess, assist, and arrange). This latter route is endorsed by the
American College of Obstetricians and Gynecologists (ACOG) (Melvin et ah, 2000) and
it is estimated universal implementation of such intervention would result in an additional
3.3% of women quitting during pregnancy compared to usual care (Kim, England,
Kendrick, Dietz, & Callaghan, 2009). In this context, it is important to understand the
extent to which the adequacy of prenatal care utilization influences smoking cessation
during pregnancy.
The County of San Bernardino (SBC) is the largest county in the contiguous U.S.
and, as of 2009, SBC experienced one of the highest rates of infant mortality (7.5 deaths
per 1,000 live births), low-birth weight (7.1 percent) and pre-term births (11.5 percent) in
the state (CDPH, 2009; Vital Statistics Query System, 2013). Currently, SBC faces severe
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economic challenges from foreclosures (Knox, 2008), municipal bankruptcy (Willon,
2012), and a high degree of unemployment and working poor {County Health Rankings
2012, 2012; Shimura, 2012). In a previous analysis, we considered whether
programmatic resources for maternal smoking cessation were cost effective in a county
with dwindling public health resources (Batech et al., 2013). We found that a single low
birth weight or preterm infant could be prevented by 35 San Bernardino mothers quitting
tobacco use during pregnancy (Batech et al., 2013).
In the present study of San Bernardino County, our overall aim is to examine the
relation between quality of prenatal care utilization and maternal tobacco cessation in a
multiethnic population of 4.059 pregnant smokers living in San Bernardino County
during 2007-2008. The quality of prenatal care utilization is often measured by one of
several indices that incorporate information readily available in birth certificates
regarding the timing of prenatal care initiation, the number of prenatal care visits and the
gestational age at delivery. The Adequacy of Prenatal Care Utilization (APNCU) index is
widely adopted (VanderWeele, Lantos, Siddique, & Lauderdale, 2009) and composed of
two indices representing the adequacy of initiation of prenatal care (AIPC) and the
adequacy of received services (ARS). Therefore, our specific aims were:
1) to examine the relationship between the adequacy of initiation of prenatal care
(AIPC) index and maternal smoking cessation;
2) to examine the relationship between the adequacy of received prenatal care
services (ARS) index and maternal smoking cessation; and
3) to examine the relationship between the overall APNCU Index and maternal
smoking cessation.
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B. Methods
1. Data Source
De-identified Birth Cohort Files were obtained from California’s
Department of Public Health (CDPH) for 2004-2008. These birth files document all live
births registered in California during each calendar year and contain information on
maternal and paternal demographic characteristics. Information on tobacco use during
pregnancy became available in California after the implementation of the National Center
for Health Statistics (NCHS) 2003 revision of the U.S. Standard Certificate of Live Birth
in 2007 (California Health and Safety Code section 102426). Maternal demographic and
behavioral variables for all birth certificates recorded in SBC for 2007 and 2008 were
extracted for analysis. Ethical review for this study was obtained from the Institutional
Review Board of Loma Linda University.
2. The Adequacy of Prenatal Care Utilization (APNCU) Index
The quality of prenatal care utilization is often measured by one of several
indices that incorporate information readily available in birth certificates regarding the
timing of prenatal care initiation, the number of prenatal care visits and the gestational
age at delivery. One index, the Adequacy of Prenatal Care Utilization (APNCU) Index
has been well studied and is widely considered to be a standard (VanderWeele et ah.
2009). It combines two separate indices for adequacy: 1) an index for the adequacy of
initiation of prenatal care (AIPC) based on the month prenatal care began; and 2) an
index of the adequacy of received services (ARS) once prenatal care has begun. Based on
ACOG prenatal care visitation recommendations, the ARS is calculated as the ratio of
actual to expected number of prenatal care visits (Kotelchuck, 1994). The summary
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APNCU index combines these measures into one overall measure of the adequacy of
prenatal care utilization (Kotelchuck, 1994).
The AIPC index categorizes mothers into one of four categories based on the
month prenatal care began. These categories are: 1) "adequate plus" if prenatal care
initiation is in the first or second month of pregnancy; 2) "adequate" in the third or fourth
month of pregnancy; 3) "intermediate" in the fifth and sixth month of pregnancy; or 4)
"inadequate" if prenatal care initiated in the seventh to ninth month of pregnancy. The
ARS index is based upon the ratio of actual to expected number of prenatal care visits.
based on ACOG recommendations with: 1) "inadequate" being less than 50% of expected
visits; 2) "intermediate" being 50-79% of expected visits; 3) "adequate" with 80-109% of
expected visits; and 4) "adequate plus" with 110% or more of the expected number of
visits. The expected number of visits are those recommended by the ACOG and which
account for the gestational age at delivery in their definition. The final APNCU index
summarizes the scores of these two indices with similar classifications as "inadequate,"
"intermediate," "adequate," and "adequate plus."
3. Maternal Smoking Assessment
California implemented the 2003 NCHS revision of the birth certificate in
2007 and has since collected self-reported data from mothers on the number of cigarettes
or packs of cigarettes smoked before and during pregnancy. Data is collected on the use
of cigarettes in the three months before becoming pregnant, as well as during the first,
second, and third trimesters of pregnancy. For this analysis, women who reported
smoking cigarettes during any trimester of pregnancy were considered under the category
"smokers during pregnancy" while those who smoked in the three months before

62

pregnancy but not in any of the three trimesters were considered "smoking cessation
during pregnancy." Only women who reported smoking cigarettes were included in this
analysis.
4. Statistical Analyses
We analyzed age-adjusted models with each index measure as the
exposure of interest and maternal tobacco cessation during pregnancy as the outcome of
interest. Potential confounders that were recorded on the birth certificates and included in
age-adjusted logistic regression analyses were: maternal age (<18 years, 18-<35 years, 35
years or older), race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic,
Asian/Pacific Islander, or other/multi-ethnic/unknown), highest education (less than high
school, high school diploma or equivalent, some college or more), the principal payer for
prenatal care (self-pay, private insurance, Medi-Cal, or other/unknown), and use of WIC
services (no or yes). Each confounder was identified a priori through literature review.
We respect that many of the potential confounders available in birth certificate data
reflect different dimensions of socioeconomic status and would not appropriately be
included together in the same model. For this reason, we constructed several logistic
regression models with each utilization index as the exposure of interest and
combinations of potential confounding that might help elucidate the underlying
associations between the variables.
C. Results
Of the 65.228 total live births in San Bernardino County during 2007-2008, 2,056
and 2.003 pregnancies occurred in 2007 and 2008. respectively, by mothers who smoked
in the three months before pregnancy, with 626 and 648 mothers who quit smoking
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during pregnancy. Table 5.1 presents the demographic characteristics of these 4,059
pregnancies and includes the frequency and proportions of pregnancies in each index
examined by year. We observed differences in the proportion of pregnancies that were
assigned to each category of prenatal care adequacy.
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Table 5.1. Sociodemographic characteristics of pregnant women in San Bernardino
County who ever smoked by smoking cessation status, 2007-2008.
2008
2007
Smoking
Smoking
Smoker
Smoker
Cessation
Cessation
During
During
During
During
Pregnancy
Pregnancy
Pregnancy
Pregnancy
648
1,355
626
1,430
(32.4%)
(61.1%)
(30.5%)
n (column %)
(69.6%)
Adequacy of Initiation Index
20 (3.1)
12(1.9)
143 (10.6)
189(13.2)
Inadequate
47 (7.3)
46
(7.4)
198(13.9)
177(13.1)
Intermediate
189 (29.2)
453 (33.4)
198 (31.6)
454 (31.8)
Adequate
386 (59.6)
559 (41.3)
563 (39.4)
365 (58.3)
Adequate Plus
Adequacy of Received
Services Index
24 (3.7)
157(11.6)
206(14.4)
30(4.8)
Inadequate
129(19.9)
228 (16.8)
271 (19.0)
117(18.7)
Intermediate
249 (38.4)
480 (35.4)
449 (31.4)
253 (40.4)
Adequate
240 (37.0)
478
(33.4)
467
(34.5)
221
(35.3)
Adequate Plus
Adequacy of Prenatal Care
Utilization Index
81 (12.5)
397 (29.3)
464 (32.5)
78(12.5)
Inadequate
119(18.4)
179(13.2)
213 (14.9)
108(17.3)
Intermediate
228 (35.2)
402 (29.7)
371 (25.9)
240 (38.3)
Adequate
214 (33.0)
356 (24.9)
195 (31.2)
354 (26.1)
Adequate Plus
Maternal Age
18 (2.9)
33 (2.4)
18 (2.8)
48 (3.4)
< 18 Years
312(48.2)
614(45.3)
602
(42.1)
315
(50.3)
18-<25 Years
272 (42.0)
630(44.1)
253 (40.4)
564 (41.6)
25-<35 Years
46(7.1)
144(10.6)
40 (6.4)
150(10.5)
35 Years or older
Maternal Race/Ethnicity
322 (51.4)
199(14.7)
67(10.3)
Non-Hispanic white
877 (61.3)
239 (36.9)
62 (9.9)
309 (22.8)
196(13.7)
Non-Hispanic black
319(49.2)
213 (34.0)
806 (59.5)
Hispanic
308 (21.5)
30 (2.2)
17(2.6)
36(2.5)
25 (4.0)
Asian/Pacific Islander
6 (0.9)
Other/Multi/Unknown
13 (0.9)
4 (0.6)
11 (0.8)
Maternal Education
515 (38.2)
144 (22.3)
Less than High School D. 564 (39.7)
134(21.5)
299 (47.9)
564 (41.8)
288 (44.5)
High School Diploma
623 (43.8)
191 (30.6)
271 (20.1)
215 (33.2)
Some College or More
235 (16.5)
T
Based on American College of Obstetricians and Gynecologists recommended number
of visits.
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Table 5.1 {continued). Sociodemographic characteristics of pregnant women in San
Bernardino County who ever smoked by smoking cessation status, 2007-2008.
2008
2007
Smoking
Smoking
Smoker
Smoker
Cessation
Cessation
During
During
During
During
Pregnancy
Pregnancy
Pregnancy
Pregnancy
648
1,355
626
1,430
(32.4%)
(67.7%)
(69.6%)
(30.5%)
n (column %)
Principal Source of Payment
for Prenatal Care
14(2.2)
110(8.1)
151(10.6)
15(2.4)
Self-Pay
221
(34.1)
219(16.2)
194 (13.6)
217 (34.7)
Private Insurance
845 (62.4)
303 (46.8)
902 (63.1)
282 (45.1)
Medi-Cal
181 (13.4)
110(17.0)
183 (12.8)
112(17.9)
Other
Maternal Use of WIC
551 (39.4)
284 (45.6)
477 (35.4)
285 (44.1)
No
847 (60.6)
339 (54,4)
869(64.6)
361 (55.9)
Yes

For the AIPC index, more pregnancies were classified as "inadequate" or
"intermediate" initiation among women who continued to smoke during pregnancy
compared to those who quit smoking during pregnancy. The proportion of women who
initiated prenatal care visits in the first two months of pregnancy (“adequate plus’''
category) was higher among women who quit smoking during pregnancy than those that
did not whereas those that initiated prenatal care in the third or fourth month ("adequate")
were roughly equal between the two groups but slightly higher in 2008 among mothers
who smoked during pregnancy.
Similarly, the ARS index showed a higher proportion of pregnancies categorized
as "inadequate" among smokers during pregnancy than among women who quit. All
other ARS categories were similar between the non-cessation and cessation groups with
slightly more women categorized as adequate who quit smoking during pregnancy. The
overall APNCU index had a higher proportion of pregnancies in the "inadequate"
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category for women who continued to smoke during pregnancy compared to those that
quit. More women that quit smoking during pregnancy fell into the APNCU "adequate"
and "adequate plus" categories than those that did not.
Comparison of demographic characteristics between women who did not quit
smoking during pregnancy versus those who did revealed that a larger proportion of non
quitters were older in age (35 years or older), non-Hispanic white, non-Hispanic black,
had less than high school education, had Medi-Cal as a primary payer for prenatal care.
and used WIC services. We also noted that a higher proportion of Hispanic women, and
women with some or more college education quit smoking during pregnancy.
Age-adjusted logistic regression odds ratios with 95% confidence interval limits
for each of the prenatal care indices by year are shown in Table 5.2. Odds ratios for
maternal age in the models are suppressed.
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Table 5.2. Age-adjusted logistic regression odds ratios with 95% confidence interval
limits for indices of prenatal care utilization among women in San Bernardino County
who ceased smoking during pregnancy vs. those that did not cease smoking for 2007 and
2008.
2008
2007
N = 2,003
N = 2,056
Odds Ratio (95% Confidence Interval)
Adequacy of Initiation Index
1.00 (Reference)
1.00 (Reference)
Inadequate
1.89 (1.07,3.33)
3.52 (1.81,6.86)
Intermediate
3.01
(1.83,4.95)
6.60
(3.59,
12.12)
Adequate
4.93 (3.03, 8.02)
9.99 (5.49, 18.18)
Adequate Plus
Adequacy of Received
Services Index
1.00 (Reference)
1.00 (Reference)
Inadequate
3.62
(2.24,5.86)
2.85
(1.83,4.43)
Intermediate
3.36 (2.13,5.30)
3.78 (2.50, 5.72)
Adequate
3.16 (2.08,4.79)
3.36(2.13,5.31)
Adequate Plus
Adequacy of Prenatal Care
Utilization Index
1.00 (Reference)
1.00 (Reference)
Inadequate
3.22 (2.31,4.50)
2.91 (2.08,4.07)
Intermediate
2.80 (2.09,3.74)
3.80 (2.85,5.09)
Adequate
3.01 (2.25,4.04)
3.30
(2.45,4.44)
Adequate Plus
Modified Adequacy of Prenatal Care
Utilization Index (APNCU 1M)
1.00 (Reference)
1.00 (Reference)
Inadequate
3.22 (2.31,4.49)
2.91 (2.08.4.06)
Intermediate
2.74 (2.07,3.64)
3.85 (2.90, 5.10)
Adequate
3.17 (2.33,4.30)
3.11 (2.28,4.25)
Adequate Plus
Modified Adequacy of Prenatal Care
Utilization Index (APNCU 2M)
1.00 (Reference)
1.00 (Reference)
Not Adequate
2.22 (1.81,2.72)
1.71 (1.40, 2.09)
Adequate
1.61 (0.63,4.11)
1.37 (0.43,4.31)
Adequate Plus

For the AIPC index, mothers who initiated prenatal care earlier were substantially
more likely to stop smoking during pregnancy with a statistically significant doseresponse trend for cessation across categories of adequacy of initiation (p for trend
<0.001). When compared to those initiating prenatal care in the seventh through ninth
month of pregnancy, mothers initiating in the first two months of pregnancy were as high
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as 10-fold more likely to quit and those initiating in months 3-4 were 3-6 times more
likely to quit. The ARS index identified a significant and substantial increase in odds of
quitting smoking during pregnancy for women categorized as receiving more than 50%
of the expected number of prenatal care visits compared to those that received less than
50% ("inadequate"); a finding that is reflected in the overall APNCU index as well. Tests
for trend for categories beyond "inadequate" were non-significant for the ARS (p for
trend 0.537 in 2007; and 0.842 in 2008) and APNCU (p for trend 0.279 in 2007; and
0.128 in 2008) indices and the odds ratios for these categories were similar within both
indices.
Table 5.3 presents multivariable logistic regression odds ratios with 95%
confidence interval limits for models of each index with maternal age and other a priori
identified potential confounders for 2007 and 2008, respectively. Of note was the primary
payer for prenatal care which drastically reduces the point estimates and confidence
interval limits for the AIPC index when simultaneously adjusting for maternal age.
race/ethnicity and highest education. This reduction persisted for the ARS and overall
APNCU indices as well.
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Table 5.3. Age-adjusted logistic regression models with odds ratios with 95°/o confidence interval limits for prenatal care utilization among women in San Bernardino County that
ceased smoking during pregnancy vs. those that did not cease smoking for 2007, 200S.1
Adequacy of Initiation Index
Adequacy of Prenatal Care Utilization Index
Adequacy of Received Services Index
IA

IM
3.52(1.81.
6.S6)

AD
6.60 (3.59.
12.12)

Age + Race/Ethnicity

3.65 (1.87.
7.15)

7.22 (3.92,
13.32)

Age + Race/Ethnicity
+ Education

3.45 (1.75.
6.79)

6.09 (3.29,
11.28)

AP
9.99 (5.49.
18.18)
11.16
(6.10.
20.42)
9.07 (4.94.
16.67)

Age + Race/Ethnicity
+ Education ■+■ PPPC

2.49(1.22
5.07)

4.03 (2.09.
7.76)

5.89 (3.08.
11.28)

3.44(1.73,
6.83)

6.55 (3.52,
12.20)

9.61 (5.20.
17.74)

1.89(1.07.
3.33)

3.01 (1.83,
4.95)

4.93 (3.03.
8.02)

Age + Race/Ethnicity

1.89(1.07.
3.36)

3.19(1.93,
5.27)

Age + Race/Ethnicity
+ Education

1.84(1.03,
3.29)

Age + Race Ethnicity
+- Education + PPPC

1.49(0.81.
2.75)

Age

'o

^J
O

Age + Race/Ethnicity
+ Education + use of
WTC
Age

p

IM
2.91 (2.08.
4,07)

AD
3.80(2.85,
5.09)

AP
3.30(2.45.
4.44)

3.45 (2.26.
5.26)

3.01 (2.14.
4.23)

4.13 (3.07.
5.56)

3.61 (2.66.
4.89)

3.55 (2.30.
5.46)

3.03 (1.96.
4.67)

2.66(1.87,
3.76)

3.52 (2.60,
4.77)

3.01 (2.21.
4.11)

1.67 (1.02.
2.74)

2.17 (1.36.
3.48)

2.08(1.30.
3.33)

1.99(1.38.
2.85)

2.63 (1.91.
3.63)

2.51 (1.81.
3.48)

P

2.92 (1.83,
4.67)

3.82 (2.46.
5.94)

3.27(2.10,
5.09)

2.82 (1.98.
4.02)

3.71 (2.72,
5.06)

3.21 (2.33.
4.41)

o

IM
2.85 (1.83,
4.43)

AD
3.78 (2.50.
5.72)

AP
3.16(2.08.
4.79)

2.95 (1.88.
4.60)

4.10(2.70.
6.24)

2.71 (1.71.
4.30)

o

3.62 (2.24.
5.86)

3.36(2.13,
5.30)

3.36(2.13.
5.31)

3.22 (2.31.
4.50)

2.80(2.09.
3.74)

3.01 (2.25.
4.04)

5.21 (3.19.
8.51)

3.78 (2.32.
6.15)

3.66(2.31,
5.81)

3.65 (2.30.
5.81)

3.34 (2.38.
4.69)

2.99(2.23,
4.02)

3.23 (2.40.
4.36)

2.91 (1.75.
4.84)

4.59 (2.79.
7.54)

3.25 (1.98.
5.32)

2.98 (1.86.
4.77)

3.18(1.99.
5.09)

2.99(2.12.
4.23)

2.54 (1.88.
3.43)

2.97 (2.19.
4.02)

2.23 (1.30,
3.83)

3.30 (1.93.
5.64)

2.31 (1.36.
3.94)

2.05 (1.22.
3.43)

2.32 (1.39.
3.89)

2.46(1.73,
3.51)

2.05 (1.49.
2.80)

2.51 (1.82,
3.44)

3.14 (2.22.
4.45)

2.66(1.97,
3.60)

3.05 (2.25.
4.15)

.3

£

£

LA

Age + Race Ethnicity
3.49(2.17.
3.33 (2.07.
4.96(3.01.
3.60(2.18.
2.02(1.13.
3.23 (1.93.
-1- Education + use of
8.17)
5.94)
5.61)
5.39)
5.36)
3.62)
WIC
1 LA = Inadequate, IM = Intermediate. AD = Adequate. AP = Adequate Plus. PPPC = Primary payer for prenatal care

IA

P

£
o

To better understand the potential relationship between maternal smoking
cessation during pregnancy, the primary payer for prenatal care and the three indices, we
examined rates of smoking cessation for San Bernardino mothers for 2007 and 2008,
respectively, in Table 5.4. Inadequate categories of each index were associated with very
low cessation rates (less than the national average) despite health care access. In all cases.
self-pay mothers had the lowest rates of cessation. Rates of cessation were highest for
mothers with private or other insurance with "adequate plus" AIPC, ARS, and APNCU.

Table 5.4. Rate of smoking cessation for San Bernardino County mothers by prenatal care
utilization index classification and primary payer for prenatal care for 2007 and 2008.
2008
2007
MediMediSelfPrivate
Self- Private
Other
Other
Cal
Pay
Insurance
Pay
Insurance
Cal
Quit %
Adequacy of
Initiation Index
11.7% 16.7%
16.7%
Inadequate
5.0%
0.0%
6.0% 15.4% 11.0%
20.8% 19.4%
30.4%
31.8%
Intermediate
13.5% 34.1% 0.0%
14.3%
23.4% 41.0%
23.9% 36.4% 16.0%
42.1%
Adequate
15.4%
46.7%
32.5% 45.5%
59.4%
30.1% 43.2% 11.1%
55.3%
Adequate Plus 19.1 %
Adequacy of
Received Services
Index
14.1% 10.0%
Inadequate
5.8%
28.6%
11.0% 47.4% 8.6%
41.7%
57.4%
27.7% 43.2%
44.2%
Intermediate
26.1%
21.7% 37.8% 5.9%
27.2% 41.0% 15.4%
27.0% 32.8%
55.4%
0.0%
Adequate
51.3%
27.9% 45.9%
25.1% 32.1% 33.3%
Adequate Plus 15.8%
56.8%
47.0%
Adequacy of
Prenatal Care
Utilization Index
5.7%
9.4% 29.7%
17.6% 17.9%
Inadequate
29.0%
11.9% 33.3%
Intermediate
46.0%
35.3%
23.4% 43.1%
29.4% 50.7%
0.0% 59.4%
57.6%
Adequate
0.0%
30.1% 41.8%
14.3% 53.0%
28.1% 34.6%
29.1%
57.7%
Adequate Plus 14.3%
31.7%
40.0% 48.4%
30.8% 55.6%
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D. Discussion
Our findings were as follows: 1) the odds of cessation for mothers with
"intermediate," "adequate," or "adequate plus" prenatal care initiation were higher and
followed a dose-response relationship relative to "inadequate" AIPC; 2) the odds of
cessation for women receiving "intermediate," "adequate," or "adequate plus" prenatal
care services (received more than 50% of the ACOG-recommended number of visits) on
the ARS index was significantly higher compared to "inadequate" ARS; 3) the odds of
smoking cessation for women with "intermediate," "adequate," or "adequate plus"
utilization on the summary APNCU index was higher compared to "inadequate" prenatal
care utilization; and 4) rates of smoking cessation were lowest for mothers with no
primary payer for prenatal care and highest for mothers with private or other insurance
across all indices.
1. Adequacy of Prenatal Care Initiation vs. Adequacy of Received Services
Our findings highlight important associations between the timing and
utilization of prenatal care services for maternal tobacco cessation during pregnancy.
Firstly, we observed that the timing of prenatal care initiation had a substantially strong
impact on likelihood of cessation in a dose-response fashion. Over the AIPC index
categories, we saw that for every two months that mothers delayed initiating prenatal
care, the likelihood of smoking cessation during pregnancy decreased. Given that
pregnancy is widely considered a "teachable moment" for smoking cessation (Floyd,
Rimer, Giovino, Mullen, & Sullivan, 1993; McBride, Emmons, & Lipkus, 2003), even
among fathers (Poliak et ah, 2010), it is likely that prenatal care can substantially
improve smoking cessation efforts if provided as early as possible during pregnancy.
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Secondly, our findings from the ARS index revealed a significantly higher
likelihood of smoking cessation for women that received more than 50% of the ACOG
recommended number of visits ("intermediate," "adequate," or "adequate plus" ARS
categories), suggesting that encouraging women to continue their prenatal care visits and
removing barriers to receiving services will improve cessation rates. It should be noted
that the 2011 ACOG guidelines regarding smoking cessation do not specifically state that
cessation efforts should start with the first prenatal visits (ACOG, 2011) and this may be
reflected in our findings here.
Smoking cessation programs designed specifically for pregnant women could
improve cessation rates by addressing barriers to prenatal care visits such as depression,
other drug dependencies, pregnancy denial, teenage pregnancies, or lack of access due to
geography (Freed, Chan, Roger, & Tompson, 2012; Jenkins, Millar, & Robins, 2011;
Turnbull & Osborn, 2012), or even by providing cessation services at group prenatal care
visits which result in improved birth outcomes (Ickovics et al.. 2007).
Financial barriers to prenatal care services have been significantly reduced.
however California continues to have one of the lowest rates in the nation for physician
participation in Medicaid (Zuckerman, Williams, & Stockley, 2009) and even less for
Medi-Cal. For instance, in 2008, California had only one primary care physician on
average for every 2,000 beneficiaries of Medi-Cal (Bindman & Schneider, 2011;
Bindman, Chu. & Grumbach, 2010). Considering that Medi-Cal pregnant women
constituted 62.7% of women that did not quit smoking during pregnancy and 45.9% that
did quit, this under-servicing presents an avenue for health policy intervention that could
help improve rates of smoking cessation during pregnancy. This is further reflected in
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WIC use, wherein 60-64% of women who smoked during pregnancy used WIC and only
54-56% who quit smoking during pregnancy used WIC. Another health policy option
could be to tie eligibility for WIC to some form of smoking cessation enrollment or
treatment among pregnant smokers.
Thirdly, the odds of cessation between ARS categories of utilization in women
receiving more than 50% of ACOG recommended number of visits were very similar
across each category, suggesting that more prenatal care is not associated with increased
cessation. In a survey of smoking intervention practices of obstetricians and
gynecologists, Grimley et tf/.(2001) found that more than 93% of physicians reported
"always" asking about smoking status and 90% reported advising patients to quit, but few
offer assistance with cessation (28%) or follow-up with pregnant women (24%)
(Grimley, Beilis, Raczynski, & Henning, 2001; ACOG, 2011). One implication of our
results is that improving provider-based cessation counseling and follow-up could
provide an avenue for improving tobacco control among women who are receiving more
than 50% of the ACOG recommended number of visits..
2. Smoking Cessation Rates and the Primary Payer for Prenatal Care
One of the findings of our analysis was that the primary payer for prenatal
care has an interesting but not well understood impact on smoking cessation and
prenatal care utilization. When assessing the effect of primary payer for prenatal care in
multivariable logistic regression models that also included maternal age, race/ethnicity.
and highest education, we observed that the odds ratio estimates for smoking cessation
decreased across all categories. It is possible that the self-pay mothers biased the point
estimates towards the null through the drastically lower cessation rates observed in
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Table 5.4. Nonetheless, it is important to clarify that this model is overtly complex and
may reflect primary payer for prenatal care as being both a potential confounder and an
intermediate in the causal pathway between prenatal care utilization and smoking
cessation during pregnancy; further research into the etiologic nature of these two
factors and markers for health care access such as primary payer for prenatal care are
needed.
3. Criticisms of the APNCU and Modified APNCU Indices
In this study of the adequacy of prenatal care, we did not find significant
differences between subjects with higher categories ("intennediate," "adequate," and
"adequate plus") of either the ARS or the overall APNCU indices. Koroukian and Rimm
(Koroukian & Rimm, 2002) have raised an important criticism of the APNCU index
based on the ARS index. They show that a shorter gestational age implies that even a
single visit above the expected number will result in a classification of “adequate plus’*
prenatal care; seriously biasing shorter gestational ages and preterm birth outcomes
towards the adequate plus category, both of which are more likely in a population of
smoking mothers (Flood & Malone, 2012; Kramer, 1987; Shah & Bracken, 2000). It is
possible that this limitation explains why we did not observe a significant difference
between “adequate” and “adequate plus” ARS and APNCU indices as they affect
smoking cessation during pregnancy.
A number of modifications to the APNCU have minimized this limitation (da
Costa et ah, 2013; Leal Mdo, Gama. Ratto, & Cunha. 2004; VanderWeele et ah, 2009). In
a study of three different prenatal care indices by Vanderweele et al., two variants of the
APNCU index were proposed to account for the criticisms raised by Koroukian and

75

Rimm (VanderWeele et al., 2009). The first variant, what Vanderweele and colleagues
define as the APNCU-1 M index, modifies the criteria for adequate plus category of the
ARS index to require that the difference between the actual and expected number of visits
is two or more visits (VanderWeele et ah, 2009). The second, APNCU-2 M index, also
uses this modification and adds two more criteria: 1) it classifies prenatal care as
adequate on the ARS index, provided that it does not fall in the adequate plus category
and provided either that the actual to expected number of visits ratio is between 0.8 and
1.1 or that the actual number of visits is nine or greater; and 2) it collapses the inadequate
and intermediate categories into a single “Not Adequate" category (VanderWeele et al..
2009).

Using these modified APNCU indices we re-assessed the contrast between
"intermediate", "adequate" and "adequate plus" categories. The results of this subsequent
analysis are also included in Table 2. Of note was a loss of statistical significance for the
"adequate plus" category on the APNCU-2 M index. The difference between the
"intermediate," "adequate," or "adequate plus" compared with the "inadequate" category
of prenatal care utilization using either the original APNCU by Kotelchuck or the
modified indices by VanderWeele et al. demonstrate a threshold effect for prenatal care
efficacy in improving smoking cessation rates during pregnancy. One implication from
this observation is that prenatal care visits could be paired with dedicated smoking
cessation clinics or programs to help improve cessation rates. However, further research
regarding the etiologic relationship between prenatal care utilization and maternal
tobacco cessation during pregnancy will better help understand this phenomenon.
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4. Limitations
The results of this study may underestimate the number of women that
smoked during pregnancy because maternal smoking status is self-reported and
underreporting of cigarette smoking is higher among pregnant smokers than among
pregnant non-smokers (Dietz et ah, 2011). Although we restricted our study population to
mothers that reported any smoking on the birth certificate, some mothers may have been
reluctant to report smoking during pregnancy or were more likely to report quitting when
they did not. Secondly, studies of birth certificates are observational and their data
limited in type and quality. Information on some risk factors could not be adjusted for in
our study, such as other drug use and whether or not mothers sought cessation
counseling. We did however exclude multiple births, those with implausible gestational
age, and those with missing covariate data. Finally, maternal recall, or misidentification,
of the last menstrual period may have impacted the quality of gestational age data (Martin
et ah, 2010) and thereby affected their ARS index classification which considers
gestational age in its computation (Kotelchuck, 1994).
E. Conclusion
We found that early prenatal care initiation and frequent prenatal visits
(>50% of the ACOG recommended number of visits) were strongly associated with
higher rates of smoking cessation.
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CHAPTER 6
CONCLUSION
It has been more than 30 years since the 1980 Surgeon General's Report on
smoking among women, the first report specific to women and the first such report to
highlight the importance of smoking cessation during pregnancy. Although smoking
cessation during pregnancy rates have vastly improved in those three decades, the
addictive capacity of nicotine remains ever calamitous in the uniquely vulnerable
population of pregnant women. In 2001, the second Surgeon General's Report on
smoking and women appealed to all health disciplines to highlight and recognize the
unique risks and challenges experienced by pregnant who smoke. This study is
responsive to that calling.
In this study, we examined two avenues for improving smoking cessation rates for
pregnant women. Firstly, we assessed the relationship between smoking cessation during
pregnancy relative to continued smoking during pregnancy and adverse infant outcomes.
which included low birth weight and preterm birth. Although the association in which
smoking cessation during pregnancy reduces the risk for adverse infant outcomes is well
established, our study sought to identify the number of women who would need to quit in
order to prevent one excess case of low birth weight or preterm birth - a metric that was,
until this study, nonexistent. This new information provides an objective measure with
which cost-benefit analyses can be performed to determine whether tobacco cessation
efforts are cost-effective for San Bernardino County, and based on a previous cost-benefit
analysis and the results we obtained, we found that it is cost-effective to enroll all
pregnant smokers in a smoking cessation program.
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Despite this finding and other supporting literature, San Bernardino County
unfortunately continues to struggle with tobacco control during pregnancy. One
implication of this study was that all smoking cessation programs could develop curricula
specific to pregnant women to provide a new means for improving cessation rates during
pregnancy for women who utilize smoking cessation programs. Alternatively, improving
the utilization of existing programs via improving awareness of their existence would
likely further improve smoking cessation rates.
Prenatal care has been identified as one of the key arenas for cessation counseling
during pregnancy since pregnancy is widely considered a "teachable moment" and
providers can offer quick screening and counseling services at prenatal care visits. We
therefore felt it necessary to examine the relationship between smoking cessation and
prenatal care utilization for women of San Bernardino County. Our analysis included
three well accepted measures of adequacy of prenatal care utilization: 1) prenatal care
initiation; 2) received prenatal care services; and 3) an overall prenatal care utilization
index that combined the previous two aspects of utilization.
By comparing these three measures with smoking cessation during pregnancy, we
identified several methods for which smoking cessation rates could be improved. Firstly,
we noted that initiation of prenatal care was strongly tied with smoking cessation. Rates
of cessation increased significantly for every two months earlier a mother initiated
prenatal care, with odds as high as 10-fold for those initiating in the first two months of
pregnancy compared to those initiating in the third trimester. This association followed a
statistically-significant dose-response trend whereby the odds of cessation decreased
substantially for every two month increment in which mothers delayed initiating prenatal
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care. This finding highlights the importance of improving early prenatal care initiation
not only for smoking cessation rates, but paired with our earlier findings, for adverse
infant outcomes as well. Secondly, we observed that mothers receiving more than 50% of
the ACOG-recommended number of prenatal care visits were significantly more likely to
quit smoking compared to those receiving less than 50%. This finding highlighted the
importance of physicians following up with patients on smoking cessation throughout all
prenatal care visits and to begin patients on smoking cessation efforts in earlier prenatal
care visits.
Unexpectedly, mothers receiving either 50-79%, 80-109%, or more than 110% of
the ACOG recommended number of visits had very similar odds ratios for smoking
cessation: about a 3-fold increase in cessation compared to those receiving less than 50%.
Furthermore, no significant dose-response trend was associated with number of visits.
This raised some concerns because it suggests that prenatal care might have a threshold
for efficacy on smoking cessation. One possibility is that providers could improve
follow-up throughout all prenatal care visits to improve the rates of cessation between
those receiving more prenatal care visits. Another possibility is that prenatal care alone is
not enough to motivate some pregnant smokers to quit and could be paired with dedicated
smoking cessation programs to synergistically combat smoking during pregnancy.
In conclusion, this study examined two avenues for improving rates of smoking
cessation during pregnancy: 1) an objective measure of the number of women needed to
quit to prevent excess cases of adverse infant outcomes; and 2) prenatal care utilization
patterns and improving the prenatal care services delivered.
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E. National Center for Health Statistics 2003 Revision of the U.S. Standard
Certificate of Live Birth.

U.S. STANDARD CERTIFICATE OF LIVE BIRTH
LOCAL FILE NO

CHILD

1

2 TIME OF BIRTH
(24 hr)

CHILD S NAME (First. Middle, Last. Suffix)

6 CITY. TOWN, OR LOCATION OF BIRTH

5. FACILITY NAME (If not institution give street and number)

MOTHER

8b

MOTHER'S CURRENT LEGAL NAME ,'First Middle Last, Suffix)

8a

BIRTH NUMBER
4 DATE OF BIRTH (Mo/Day/Yr)

7 COUNTY OF BIRTH

DATE OF BIRTH (Mo/DayfYr)

8d BIRTHPLACE (State Territory or Foreign Country)

8c MOTHER'S NAME PRIOR TO FIRST MARRIAGE (First. Middle Last. Suffix)

9c CITY TOWN OR LOCATION

9b COUNTY

9a RESIDENCE OF MOTHER-STATE

3 SEX

9e APT NO

9d STREET AND NUMBER

9g

9f ZIP CODE

INSlUECltV
LIMITS?
□

FATHER
CERTIFIER

10a

11

10b

FATHER'S CURRENT LEGAL NAME (First Middle, Last. Suffix)

DATE OF BIRTH (Mo/Day.'Yr)

j DO

13 DATE FILED BY REGISTRAR

12 DATE CERTIFIED

CERTIFIER S NAME

TITLE: L MD

L HOSPITAL ADMIN

j CNM/CM

J,

J

j OTHER MIDWIFE
MM

U OTHER (Specify),

Yes u No

10c BIRTHPLACE (State. Territory or Foreign Country)

DD

MM

YYYY

DD

YYYY

INFORMATION FOR ADMINISTRATIVE USf

MOTHER

14

MOTHER'S MAILING ADDRESS

9 Same

residence, or

City. Town, or Location

State

Apartment No

Street & Number
C Yes
15 MOTHER MARRIED7 (At birth, conception, or any time between)
IF NO. HAS PATERNITY ACKNOWLEDGEMENT BEEN SIGNED IN THE HOSPITAL7 J Yes

information FOR MEDICAL and health puHrOsES OHlY
21 MOTHER OF HISPANIC ORIGIN7 (Check
20 MOTHER'S EDUCATION (Check the
box that best describes t he highest
the box that best describes whethe r the
degr ee or level of school
iplet ed at
mother is Spanish/Hispanic/Latina Check the
of delivery)
■No" box if mother is not Spanish/Hispanic/Latina)
the t
l^

j 8th grade or less

j

No, not Spanish/Hispanic/Latina

u Yes Mexican. Mexican Amencan, Chicana

j 9th - 12th grade, no diploma
High school graduate or GED
completed

u

Yes. Puerto Rican

i_

Yes. Cuban

U Some college credit but no degree

Yes. other Spanish/Hispanic/Latina

□ Associate degree (e g , AA. AS)

(Specify).

j Bachelor s degree (e g . BA. AB. BS)
L

Master s degree (e.g MA. MS.
MEng. MEd. MSW, MBA)

U Doctorate (eg, PhD. EdD) or
Professional degree (e g MD. DDS.
DVM, LLB, JD)

FATHER

23 FATHER'S EDUCATION (Check the
box that best describes the highest
degr ee or level of school complet ed at
the time of delivery)

24

9th - 12th grade, no diploma

-o

j High school graduate
completed

O

j

tn

2

GED

Some college credit but no degree

, Associate degree (e g AA. AS)

15

FATHER OF HISPANIC ORIGIN7 (Check
the box that best descnbes whethe r the
father is; Spanish/Hispanic/Latino Check the
“No" bo x if father is not Spanish/Hispanic/Latino)
No. not Spanish/Hispanic/Latino

j 8th grade or less

O

16 SOCIAL SECURITY NUMBER REQUESTED 17
□ Yes □ No
FOR CHILD?

(J

Yes. Mexican. Mexican Amencan. Chicano
Yes, Puerto Rican

Yes. other Spanish/HispanioT-atmo
(Specify).

Master s degree (e g MA. MS.
MEng. MEd. MSW, MBA)

o

: Doctorate (e g . PhD. EdD) or
Professional degree (e g MD . DDS.
DVM. LLB. JD)

o

FACILITY ID (NPI)

22 MOTHER'S RACE (Check one or more races to indicate
what the mother considers herself to be)
□ White
j Black or African American
Li American Indian or Alaska Native
(Name of the enrolled or pnncipal tnbe)_______________
U Asian Indian
□ Chinese
j Filipino
u Japanese
lj Korean
i Vietnamese
j Other Asian (Speafy)_______________________________
lj Native Hawaiian
_) Guamanian or Chamorro
j Samoan
lj Other Pacific Islander (Specify)______________________
J Other (Specify)____________________________________

25 FATHER'S RACE (Check one or more races to indicate
what the father considers himself to be)
j

White
Black or Afncan American
Ll American Indian or Alaska Native
(Name of the enrolled or pnncipal tnbe).
Asian Indian

j
j
j
j
U
j
j
j
LJ
j

U Yes. Cuban

Bachelor s degree (e g . BA. AB, BS)

tn

Zip Code

19 FATHER S SOCIAL SECURITY NUMBER

18 MOTHER S SOCIAL SECURITY NUMBER

MOTHER

No
j No
l

Chinese
Filipino
Japanese
Korean
Vietnamese
Other Asian (Specify)________________
Native Hawaiian
Guamanian or Chamorro
Samoan
Other Pacific Islander (Specify)________

j Other (Speafy)______________________

S
26
lj

PLACE WHERE BIRTH OCCURRED (Check one)
Hospital

LJ Freestanding birthing center
u Home Birth Planned to deliver at home7 9 Yes 9 No
Lj Clinic/Doctor s office

27

ATTENDANT S NAME. TITLE. AND NPI
NPI

NAME
TITLE J MD j DO l CNM/CM
L OTHER (Specify)__________

j Other (Specify)_________________________
REV 11/2003
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OTHER MIDWIFE

28 MOTHER TRANSFERRED FOR MATERNAL
MEDICAL OR FETAL INDICATIONS FOR
DELIVERY7 lj Yes □ No
IF YES. ENTER NAME OF FACILITY MOTHER
TRANSFERRED FROM

MOTHER

31

MOTHER S HEIGHT
(feet/inches)

35 NUMBER OF PREVIOUS
LIVE BIRTHS (Do not include
this child)
35a Now Living

35b Now Dead

Number

Number

□ None

j None

35c DATE OF LAST LIVE BIRTH
MM

/

MM

(If none, enter AO" )

39 DATE LAST NORMAL MENSES BEGAN

36b DATE OF LAST OTHER
PREGNANCY OUTCOME

/

MM

YYYY

38 PRINCIPAL SOURCE OF
PAYMENT FOR THIS
DELIVERY
□
u
L
□

Pnvate Insurance
Medicaid
Self-pay
Other
(Specify)________

40 MOTHER'S MEDICAL RECORD NUMBER

YYYY

DD

YYYY

RISK FACTORS IN THIS PREGNANCY
(Check all that apply)
Diabetes
l: Prepregnancy (Diagnosis prior to this pregnancy)
u Gestational
(Diagnosis in this pregnancy)

46 METHOD OF DELIVERY

43 OBSTETRIC PROCEDURES (Check all that apply)

with forceps attempted but
A Was deliv
unsucce_ssful?
c Yes u No

□ Cervical cerclage
j Tocolysis
External cephalic version
L Successful
i i Failed

Hypertension
c Prepregnancy (Chronic)
u Gestational (PIH, preeclampsia)
□ Eclampsia

B Was delivery with vacuum extraction attempted
but unsuccessful?
□ Yes O No

u None of the above

□ Previous preterm birth

44

□ Other previous poor preg nancy outcome (Includes
ill-for -gestational age/intrauterine
perinatal death,
growth restncted birth)
Pregnancy resulted from infertility treatment-If yes.
check all that apply
□ Fertility-enhancing drugs. Artificial insemination
Intrauterine insemination
u Assisted r< prod uctive techno!xogy (e g in vitro
fertilization (IVF gamete mtr_afalliopian
transfer (Gl FT))'

Lj

YYYY

37 CIGARETTE SMOKING BEFORE AND DURING PREGNANCY
36 NUMBER OF OTHER
For each time penod, enter either the number of cigarettes or the
PREGNANCY OUTCOMES
number of packs of cigarettes smoked IF NONE. ENTER AO"
(spontaneous or induced
losses or ectopic pregnancies)
packs of cigarettes smoked per day
Average number of agarettes
36a Other Outcomes
# of cigarettes
# of packs
Three Months Before Pregnancy
OR
Number
OR
First Three Months of Pregnancy
Second Three Months of Pregnancy
OR
U None
Third Trimester of Pregnancy
OR

41

lj

30 TOTAL NUMBER OF PRENATAL VISITS FOR THIS PREGNANCY

J
DD

32 MOTHER S PREPREGNANCY WEIGHT |33 MOTHER'S WEIGHT AT DELIVERY |34 DID MOTHER GET WIC FOOD FOR HERSELF
(pounds)
(pounds)
DURING THIS PREGNANCY? j Yes D No

MM

MEDICAL
AND
HEALTH
INFORMATION

29b DATE OF LAST PRENATAL CARE VISIT

29a DATE OF FIRST PRENATAL CARE VISIT
□ No Prenatal Care
J
YYYY
MM
DD

C

Fetal presentation at birth
L Cephalic
L Breech
L Other

ONSET OF LABOR (Check all that apply)

j Premature Rupture of the Membranes (prolonged, 312 hrs )

D Final route and method of delivery (Check one)
L Vaginal/Spontaneous
L Vaginal/Forceps
C Vaginal/Vacuum

U Precipitous Labor (<3 hrs.)
j Prolonged Labor (3 20 hrs )

L Cesarean
If cesarean, was a tnal of labor attempted?
C Yes
L No

L) None of the above
45 CHARACTERISTICS OF LABOR AND DELIVERY
(Check all that apply)
47

Mother had a previous cesarean delivery
If yes. how many__________

None of the above
42 INFECTIONS PRESENT AND/OR TREATED
DURING THIS PREGNANCY (Check all that apply)
Gonorrhea
L Syphilis
Chlamydia
L Hepatitis B
L Hepatitis C
None of the above

.
j
j
j
j
j

l

j
j

_j

Induction of labor
Augmentation of labor
Non-vertex presentation
i
Steroids (glucocorticoids) for fetal lung maturation
received by the mother prior to de livery
Antibiotics received by the mother during labor
Clinical chonoamniomtis dia gnosed during labor or
maternal temperature >38 °C (100 4CF)
Moderate/heavy meconium staining of the amniotic fluid
Fetal intolerance of labor such that one or more of the
following actions was taken m-utero resuscitative
measures further fetal assessment, or operative delivery
Epidural or spinal anesthesia during labor
None of the above

MATERNAL MORBIDITY (Check all that apply)
(Complications associated with labor and
delivery)
L Maternal transfusion
□ Third or fourth degree perineal laceration
U Ruptured uterus
U Unplanned hysterectomy
G Admission to intensive care unit
G Unplanned operating room procedure
following delivery
None of the above

NEWBORN INFORMATION

NEWBORN

" 48

NEWBORN MEDICAL RECORD NUMBER

54 ABNORMAL CONDITIONS OF THE NEWBORN
(Check all that apply)

49 BIRTHWEIGHT (grams preferred, specify unit)
G Assisted ventilation required immediately
following delivery
4 grams

Ib/oz
' Assisted ventilation required for

than

50 OBSTETRIC ESTIMATE OF GESTATION
NICU admission

(completed weeks)

51 APGAR SCORE
Score at 5 minutes_____________
If 5 minute score is less than 6.
O

s
y>
o
5

5

L_

Antibiotics received by the newborn for
suspected neonatal sepsis

Score at 10 minutes
52 PLURALITY - Single. Twin, Triplet, etc

TO

Newborn given surfactant replacement
therapy

(Specify)_

L

Seizure or serious neurologic dysfunction

L

Significant birth injury (skeletal fracture(s). peripheral
nerve injury, and/or soft tissue/solid organ hemorrhage
which requires intervention)

55 CONGENITAL ANOMALIES OF THE NEWBORN
(Check all that apply)
j Anencephaly
j Meningomyelocele/Spina bifida
□ Cyanotic congenital heart disease
j Congenital diaphragmatic hernia
Omphalocele
J Gastroschisis
□ Limb reduction defectri (excluding conge
amputation and dwarfing syndromes)
_ Cleft Lip with or without Cleft Palate
j Cleft Palate alone
G Down Syndrome
i_ Karyotype confirmed
L- Karyotype pending
•j Suspected chromosomal disorder
G Karyotype confirmed
G Karyotype pending
J Hypospadias
None of the anomalies listed above

53 IF NOT SINGLE BIRTH - Born First. Second.
Third, etc (Specify)

y None of the above

tn

si

56 WAS INFANT TRANSFERRED WITHIN 24 HOURS OF DELIVERY? u Yes
IF YES. NAME OF FACILITY INFANT TRANSFERRED
TO

96

No

57 IS INFANT LIVING AT TIME OF REPORT?
58 IS THE INFANT BEING
BREASTFED AT DISCHARGE?
L Yes j No L Infant transferred status unknown
j Yes G No

F. Table A.l. Rate of smoking cessation for San Bernardino County mothers by
prenatal care utilization index classification and race/ethnicity for 2007 and
2008.

Table A.l. Rate of smoking cessation for San Bernardino County mothers by prenatal
care utilization index classification and race/ethnicity1 for 2007 and 2008.
2008
2007
H
NHW NHB API OMU H NHW NHB API OMU
Quit %
Adequacy of
Initiation Index
0.0
0.0
Inadequate
11.3
0.9
12.5 14.3
0.0
16.0
10.9 11.1
33.3
Intermediate 20.6
18.7
10.3 35.7 0.0
29.2
17.7 20.0 7.7
Adequate
39.8
25.7 21.7 85.7
0.0
43.3
26.6
22.4 35.3
0.0
Adequate
52.9
34.2
32.5 61.9 50.0 54.7 36.0 31.9 38.5 55.6
Plus
Adequacy of Received
Services Index
Inadequate
16.4
9.7
12.9 23.1
0.0
6.7
0.0
0.0
22.6
9.4
24.1
Intermediate 42.2
22.2 66.7
0.0
51.8 26.9 30.0 66.7 33.3
Adequate
50.6
31.1
30.0 42.9 :>3.3 45.5 30.5
26.7 38.5 50.0
Adequate
40.0
29.3
25.5 43.8 28.6 43.1 31.6 28.3 26.1 37.5
Plus
Adequacy of Prenatal
Care Utilization Index
Inadequate
17.0
12.3
11.4 34.6 0.0
23.4 14.1
15.4 6.7
20.0
Intermediate 47.3
27.4
24.2 62.5 0.0
58.4 30.1
30.6 75.0 50.0
56.9
Adequate
JJ.O
32.9 41.2 40.0 49.4 31.4 30.7 41.7 33.3
Adequate
45.5
32.1
30.3 50.0 40.0 47.3 35.9
26.5 41.7 42.9
Plus
i
H = Hispanic, NHW = Non-Hispanic white, NHB = Non-Hispanic black, API
Asian/Pacific Islander, OMU = Other/Multi/Unknown
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